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While the composition and origin of brines in deep sedimentary basins has been
extensively discussed, the composition and origin of low salinity waters is not as well
documented.  Since the 1960s, the presence of deep, low-salinity waters has been observed in
some sedimentary basins and is commonly present in overpressured sections.  The episodic
release of low salinity, overpressured fluids upward into sediments containing high salinity
formation waters likely occurs at <100-year intervals.  Because there is a growing body of
evidence that suggests mixing formation waters of varying salinity could induce the
dissolution and precipitation of minerals, it is important to have detailed information about
chemical compositions of both end-member fluids to adequately predict such mixing results.
This study concludes that low salinity waters (<35 g/l) are generally not unique in major
solute composition when compared to high salinity waters (>35 g/l).  On log-log plots,
monovalent cations plot along 1:1 slopes with respect to salinity and total anionic charge,
while divalent cations plot along 2:1 slopes.  However, this study concludes that more
compositional variability exists at salinities less than seawater and lower anionic charge
values.  Also, major cations and Cl correlates better with anionic charge than with salinity.
While Cl plots on a 1:1 slope as a function of salinity in all waters in southwest Louisiana,
other basins in this study begin to show variability at salinities <10,000 mg/l.  Spatial analyses
from this study suggest the origin of low salinity fluids in southwest Louisiana present at
depths greater than 2500 m, are not likely meteoric in origin.  Southwest Louisiana water
compositions are most likely controlled by rock-buffering with ambient mineral phases.  A
calculation performed as part of this study showed that the smectite to illite transition could
reduce salinity up to 43% in shales.  Considering this and the documented presence of illite
along the Gulf Coast as well as the stability of illite in the waters presented in this study, it is
reasonable to conclude deep, low-salinity waters in southwest Louisiana originate in
substantial part from the smectite to illite transition.
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CHAPTER 1. INTRODUCTION
With the exception of sediments deposited in evaporitic environments, most
sediments in sedimentary basins have been deposited in fresh water, brackish water, or
marine environments.  These sediments thus contained at the time of their deposition pore
waters having salinities of less than a few hundred mg/L, typical of fresh continental
waters, to approximately 35,000 mg/L, the average salinity of sea water.   These salinities
are referred to as connate (born-with) salinities.  Many of these same sediments today,
however, contain pore waters having several times the salinity of sea water.  While there
has been considerable discussion in the literature regarding the origin of these basinal
brines (Manheim, 1970; Carpenter, 1978; Graf, 1982; Hanor, 1987; Hanor, 1989; Stueber
and Walter, 1990; Land and Macpherson, 1992; Ambers, 1993; Hanor, 1994; Land, 1995),
most agree that the probable mechanisms for creating high salinity has been some
combination of subsurface dissolution of evaporites and the infiltration of subaerially-
evaporated sea water (Carpenter, 1978; Egeberg and Aagaard, 1989; Stueber and Walter,
1990; Land and Macpherson, 1992; Hanor, 1994; Chi and Savard, 1997).  Not all
sedimentary basins contain formation waters having excess salinity, however.  Examples
include evaporite-free basins such as the San Joaquin, Pattani and Mahakam basins
(Lundegard and Trevena, 1990; Bartrow, 1991; Bazin et al., 1997).
       It has long been noted that there is a general increase in the salinity of
formation waters in some sedimentary basins (Dickey, 1969; Ranganathan and Hanor,
1987; Hanor, 1994; Kharaka and Hanor, in press) (Fig. 1.1).  A notable exception,
however, is the South Louisiana portion of the Gulf of Mexico sedimentary basin, where
there is typically a reversal in salinity to lower values at depths corresponding
approximately to the top of overpressure (Fig. 1.2), even in sedimentary sequences that
appear to be marine in origin.
     The origin of low salinity waters, those with salinities <35 ppt, in the
overpressured section of South Louisiana is not known for certain.  Possible explanations
include: (1) dilution by water released from the smectite to illite conversion, (2) dilution
by water released by dehydration of organic matter, (3) an early meteoric flushing of the
section, (4) the sediments were deposited in brackish water environments, or (5) some
combination of these.   Understanding the origin of these waters and the controls on their
chemical and isotopic composition is of considerable importance in problems related to
well scaling; differences in sediment properties such as resistivity and seismic velocity;
and identifying reservoir continuity and compartmentalization.  In addition, there is a
growing body of evidence that suggests that mixing of formation waters of varying
salinity can induce pervasive diagenetic mineral dissolution and precipitation (Hanor,
2001).  A potential environment for fluid mixing exists where there is episodic release of
low-salinity, overpressured waters upward into sediments containing formation waters of
high salinity (Roberts and Nunn, 1995).  In order to be able to predict the effects of such
mixing it is important to have detailed information on the chemical composition of the
end-member fluids.
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Fig. 1.1.  Maximum salinities of formation fluids from
various basins and the Louisiana Gulf Coast.
Fig. 1.2. Calculated in-situ  variations in temperature,  fluid pressure,salinity
with  depth  from locations in  Jefferson Davis  Paris, South Louisiana (from
Hanor et al., 1986).  Fluid pressure increases abruptly at  approximately 3.3
km.  At this  depth, salinities are already decreasing and continues to de-
crease with depth.
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The composition of high salinity fluids in deep sedimentary basins is well
documented by Hanor (1994).  Na makes up the bulk of cationic composition for saline
waters (Fig. 1.3).  This is not the simply the result of NaCl dissolution, but because Na
silicate minerals are generally the most soluble.  As salinities shift toward brine
compositions, Ca increases proportionally with respect to Na.  This change has been
attributed to Ca increasing contribution to cationic charge as a result of rock-buffering
(Hanor, 2001).  Typically, concentrations of major cations increase as salinity increases
(Fig. 1.4).  A notable exception is when salinity reaches halite saturation.  When halite
saturation is reached, Na concentrations decrease and K concentrations increase
markedly.  In general, log-log plots clearly show a 1:1 covariant relationship between
monovalent cations and salinity.  Log-log plots for divalent cations show 2:1 covariant
relationship with respect to salinity.  As salinity increases, pH values decrease distinctly
from between 7 and 9 for moderately saline waters to between 3 and 4 at high salinities.
These observations lead to the conclusions that halite dissolution and rock-buffering of
pore water control fluid compositions of the south Louisiana Gulf Coast.
Cl makes up the greatest proportion of anions in subsurface brines.  In fact, unlike
cation proportional changes that take place with increasing salinity, Cl continues to makes
up more than 90% of the anionic composition in subsurface brines.  The prevalence of Cl
is not the result of rock-buffering (i.e. thermodynamic equilibrium) by ambient mineral
phases in all basinal waters, but rather the concentrations are mainly controlled by
advection and dispersion processes.  Because the presence of Cl in silicate and carbonate
crystal lattices is low, it behaves conservatively and can be an important master variable
in rock-buffered systems (Hanor, 2001).
In general, alkalinity decreases as salinity increases (Fig. 1.5).  This could be the
result of dewatering of organic-rich mudstones, alkalinity decreasing with increasing Ca
in carbonate buffered systems, or H+ increases with changing salinity changing
carbonates to carbonic acid.  Sulfate shows no definable relationship with respect to
salinity.  Work by McManus and Hanor (1988, 1993) suggest this in part could be the
result of the thermogenic reactions leading to the precipitation of iron sulfides and
calcium carbonate.  The concentrations of sulfate as likely controlled by rates of: (1)
sulfate released by salt dissolution, (2) solute transport, and (3) solute removal by
reduction.
1.1 Purpose of this Study
While there is a large literature on the properties and origin of basinal waters
having salinities in excess of sea water (Kharaka, 1977; Schmidt, 1973; Nesbitt, 1985;
Hanor et al., 1986; Egeberg and Aagaard, 1989; Land et al., 1988; Ranganathan and
Hanor, 1989; Bray and Hanor, 1990 Land and MacPherson, 1992; Land, 1995; Bazin and
Brosse, 1997; Nikiel and Hanor, 1999), and of fresh, shallow ground waters (Gonthier,
1989; Gonthier and Aharon, 1990; Soldal et al., 1994; Ramanathan et al., 1998; Krest and
Moore, 1999; Williams and Duex, 1999) there has not been a comprehensive synthesis of
4
Fig.1.3.  Proportional differences of major cations and anions in subsurface
brines (from Hanor, 1994)
5
Fig. 1.4.  Log-log plots showing covariance of Na, K, pH, Mg, Ca and Sr as a
function of TDS for  saline waters (from Hanor, 1994).
6
Fig. 1.5.  Alkalinity and dissolved sulfate variation with respect to salinity  for
typical saline waters (Hanor, 1994).
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the compositions of waters of lower salinity present at depth in sedimentary basins.  The
purpose of this study is to expand our understanding of the composition and origin of
deep, lower salinity waters in the South Louisiana Gulf Coast.   The emphasis will be on
deep waters having salinities of sea water or less.
The study is divided into four major parts.  The first is the characterization of
formation water salinities and chemistries on a regional scale in southwestern Louisiana
for which a large, public domain data base of analyses of produced waters compiled by
the U.S. Geological Survey exist (Wallace et al., 1978).    The second is a field scale
study in the Tuscaloosa Trend in Point Coupee Parish in south central Louisiana (Ross et
al., 1994).  The third part of the study consists of a review of the chemical composition of
deep, low-salinity waters in other sedimentary basins around the world.  In many of these
basins it is more obvious why the waters are of low salinity.  It is of interest, therefore, to
see if the chemical composition of these waters can be used to help constrain the
interpretation of the origin of South Louisiana waters.  The fourth part of the study is a
synthesis and discussion of the results of the first three parts.
Specific questions to be addressed in this study include the following:
· How reliable is the USGS data set for southwest Louisiana?
· Are there any significant differences in the relative proportions of solutes
between low salinity waters and typical basinal brines?   For example, most basinal brines
are dominated by Na and Cl.  Alkalinity and SO4 are typically low.  Is the same true of
low TDS waters?
· Is there a continuum in fluid compositions between low salinity waters and
basinal brines?
· Is there any evidence that the composition of low salinity waters is
buffered by metastable mineral equilibria?
· Should mixing of low and high salinity waters induce mineral diagenesis?
What are the relations between salinity and overpressuring in the Gulf Coast?
· Is it possible on the basis of chemical and isotopic information to deduce
the origin of low salinity waters in the deeper portions of the Louisiana Gulf Coast and
other sedimentary basins, or are these fluid compositions non-unique?
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CHAPTER 2. SOURCES OF DATA AND GENERAL TECHNIQUES
2.1. Sources of Data
2.1.1. Louisiana Gulf Coast
The chemical analyses for the six-parish region of southwestern Louisiana
(Fig.2.1) regional study were derived from an unpublished public domain data base
assembled by the U.S. Geological Survey in the early 1970s (Wallace et al., 1978).  The
analyses are the result of produced waters, that is, waters co-produced with crude oil and
natural gas from a large number of fields and from a wide range of depths.  The original
sources of the data are Gulf Coast oil and gas producers and service companies.  Small
portions of this data base have been used in previously published studies (Hanor, 1994,
1996), but there has been no comprehensive examination of these data prior to this study.
The sources of data for two gas fields in Point Coupee Parish (Fig.2.2) are Weedman et
al. (1992), Ross et al. (1994), Poulson et al. (1995), and Weedman et al. (1996).
2.1.2. Global Data Base
A large global data base of formation water analyses was assembled from
published studies of basins known to contain deep, low-salinity waters.  A list of these
basins and the references used in this study follow below.  The locations of these areas are
shown in Figure 2.3 and are:
1. Colville Basin, Alaska (Kharaka and Carothers, 1988);
2. Paris Basin, France (Michard and Bastide, 1988);
3. Texas Gulf Coast (Land and Macpherson, 1995; Land, 1995);
4. Pattani Basin, Gulf of Thailand, Indonesia (Trevena and Clark, 1986);
5. San Joaquin Valley, California (Fisher and Boles, 1990);
6. North Sea, Norwegian Shelf (Egeberg and Aagaard, 1989);
7. Mahakam Basin, Kalimantan, Indonesia (Bazin et al., 1997).
2.2. Techniques
2.2.1. General Techniques of Sampling and Analysis of Formation Waters
Samples of produced waters are normally collected at the wellhead or at
separators used to partition gas phases from liquid phases.  In a small number of cases in
the above literature references, techniques for collection are not documented.
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Fig. 2.1  The six parish region of southwest Louisiana, the focus of this study.
































































the references above.  Lico et al. (1982) and Appelo and Postma (1993) describe preferred
methods for sample collection and analysis.  Water samples are filtered through Teflon®
membranes to prevent precipitation and colloidalization.  Samples are then stored in
polyethylene bottles with airtight caps that are prewashed with nitric acid and rinsed with
distilled water.  The samples are then preserved using HNO3 for cation analyses and
distilled water for anion analyses.  Cation and anion concentrations are measured using
ICP, ion chromatography and/or standard atomic absorption techniques.  Alkalinity
measurements are made by potentiometric titration.  Isotopes are measured using mass
spectrometry.  A Repeat Formation Tester (RFT) tool is used to determine fluid pressure
data.  An RFT tool uses two different flow rates to detect pressure changes and makes a
pressure versus time plot.
2.2.2. Problems with Sampling and Analysis
There are problems that occur as water samples are collected that can affect the
analytical results.  To ensure water analysis quality, as given by Lico et al. (1982), (1) the
wells should be perforated over known intervals; (2) production should be limited to one
reservoir; (3) sampled water intervals should not be affected by water flooding; and (4)
the samples should not contain dilution from condensed water.  Waters from producing
wells often show deviant chemistries during production and may not represent in-situ
conditions (Appelo and Postma, 1993).  Produced waters are frequently contaminated by
mixing with drilling fluids, gravel pack, and casing material (Kharaka et al., 1977;
Kharaka and Carothers, 1981; Lico et al., 1982; Appelo and Postma, 1993).  Water
samples should be taken only after an adequate amount of time has passed since drilling.
This depends on the groundwater flow rate (Appelo and Postma, 1993).  Water
condensation in the well bore and in separators has been shown to dilute waters in gas
producing wells (Kharaka et al., 1977; Suchecki, 1985).  Rapid temperature changes often
result in changes in saturation states of mineral phases (Suchecki, 1985).  Contamination
may also occur during transport through production tubing, sampling and evaporation
during storage (Suchecki, 1985).
2.2.3. Quality
The focus of this study is a Southwest Louisiana six-parish region whose data was
derived from an unpublished data base collected by the U.S. Geological Survey.  Because
the data are from a public data base, it was necessary to screen the data for acceptable and
unacceptable analyses.  The methods that were used for this screening process include
comparing electro-neutrality, conductivity (ohm·m), and specific gravity (g/cm3), and
total dissolved solids (TDS).  The respective authors have screened the global data base
from the published literature.
Electro neutrality, or more commonly charge balance, assumes that the sum of the
positive charged cations must equal the sum of the negatively charged anions.  The
following equation modified from Appelo and Postma (1993) was used to calculate the
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percent error of electro-neutrality:
It is common for analyses to show errors up to 2%, but errors greater than 5% should be
scrutinized.
Once data with charge balances differences over ±10% were removed from the
data base, conductivity (ohm·m) versus TDS (mg/l) values were evaluated for the
remaining analyses.  Conductivity versus TDS has a covariate relationship such that
conductivity should increase with increasing TDS as a result of the increase in
concentration of free ions in solution (Appelo and Postma, 1993).  Although a covariant
relationship exists, assumptions must be considered involving the average molecular
weight of the conducting ions (Appelo and Postma, 1993).  Fluid density (g/cm3) versus
TDS (mg/l) was the final evaluation tool used for the southwest Louisiana data.
2.2.4. Determining In-Situ Temperatures and Pressures
Temperature is an important factor determining thermodynamic stabilities.
Temperature data for the global set of analyses, including Point Coupee Parish, Louisiana,
included down-hole in situ temperature data.  In situ temperatures for the six-parish
region of southwest Louisiana were not provided.  Most data suggest thermal gradients
for the Gulf of Mexico to be between 27-41°C/km (Trevena and Clark, 1986).  Point
Coupee Parish in central Louisiana yields a geothermal gradient of 30°C/km (Ross et al.,
1984).  Considering the presence of overpressured fluids in the southwest Louisiana
region at various depths, it would be erroneous to assign a single geothermal gradient for
the entire region.  The data for southwest Louisiana were obtained from the Louisiana
Geological Survey (L.G.S.) atlas of the area (Bebout and Gutierrez, 1982).  The depth and
temperature data from the L.G.S. were averaged together fro this study and resulted in a
geothermal gradient of 30.8°C/km.  When it was necessary to estimate temperature, the
geothermal gradient calculated for this study is used.
Pressure data were included only for Point Coupee Parish, Louisiana.  Of interest,
especially for southwest Louisiana, is the location of overpressured fluids.  The Louisiana
Geological Survey north-south cross sections also included the depths to the top of the
overpressure transition zone.  These depths and the locations of the wells are plotted
using Surfer®.
2.2.5. Calculation of Speciation, Molalities, and Activities
Equilibrium activity diagrams and calculated saturation states were used to
determine the stability and solubility of a number of mineral phases of interest at a range
of depths and temperatures.  In conjunction with this, spatial differences of these values
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were examined to determine if systematic behavior exists.
Thermodynamic calculations of solute activities and saturation indices were
performed using two computer programs.  The first was PHREEQC, version 2.3
(Parkhurst et al., 2001) that was obtained from a U.S.Geological Survey website: [http://
water.usgs.gov/software/phreeqc.html].  The second is a program written in Visual Basic
for Applications (VBA) imbedded in Excel called QuickiePT2002 (Hanor, unpublished).
Most of the thermodynamic data base for the latter program was incorporated directly
from the program SOLMINEQ88 (Kharaka et al., 1988).  Quickie_PT2002 has a
convenient Excel worksheet interface for input and output of data.  Both PHREEQC and
QuickiePT2002 include conversions from mg/l to molality, activity coefficients,
activities, calculated TDS (mg/l) values, and saturation values for various mineral phases.
The general algorithm for both programs is based on a complexing model
(Plummer, 1984; Appelo and Willemsen, 1987; Appelo, C.A.J. and Postma, Parkhurst and
Plummer, 1993) rather than what is generally known as the Pitzer model (Yan et al.,
1991) for determining the activities of major dissolved components.   The advantages of
Pitzer model over the complexing model include better accuracy in calculating activities
in high-sulfate, high-salinity waters.  Among the major disadvantages, however, is the
lack of sufficient information on interaction coefficients for carbonate, volatile fatty
acids, and minor and trace species.  Because the focus of this study is on waters of sea
water salinity and less, the complexing model provides sufficiently accurate results.
2.2.6. Phase Diagrams
Activity calculations from PHREEQC and QuickiePT2002 are plotted on activity
diagrams modified from Bowers et al. (1984), Bazin et al. (1994), and Hutcheon (2000).
Activity diagrams used were selected by temperature, pressure, and chemical
components.  Equilibrium activity diagrams show mineral phases that would be stable
under given temperature and pressure conditions.  However, it does not necessarily mean
they are present.
2.2.7. Graphical  Techniques
Graphical cross-plots were used with collectively with the above calculations in
an effort to observe any regional/local correlations and/or systematic behavior that might
occur.  A variety of chemical data are plotted as functions of the major solute
composition, salinity, temperature, and depth.  This technique yields observable
differences and similarities in composition of waters from different basins in this study.
Concentrations plotted as a function of depth present vertical spatial variations in fluid
compositions present in a particular basin.  Considering thermal gradients reflect a linear
relationship between temperature and depth, concentrations plotted as a function of
temperature are often similar to depth.  However, because pressures, local thermal
conductivity, and host sediments influence temperature, temperature plots are used.
Concentrations plotted versus total dissolved solids (TDS), show constituent
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compositions with increasing and decreasing salinities.  All of these plots are used to
show if covariate relationships exist.
2.2.8. Spatial Variations in Composition
Cross sections were constructed using southwest Louisiana data from the USGS
and spatially plot various parameters such as temperatures, pressure regimes, and
salinities as a function of depth and areal distribution.  These are used to identify potential
flow patterns and relationship of chemical properties to different pressure regimes, i.e.
hydropressured versus overpressured fluids.
2.2.9. Br/Cl Systematics
Bromine and chloride both behave conservatively in natural waters.  Accordingly,
Br/Cl values for sea water maintain relative proportions and plot along a linear slope
when evaporation up to halite saturation or dilution occurs.  Thus, changes in
concentration by means of evaporation would change the concentration, but not relative
proportions until halite saturation is reached (Hanor, 1988, 1994).  SMOW Br/Cl sea
water has bromine concentrations of 67 ppm and chloride concentrations of 19350 ppm
with a resulting ratio of 3.46 x 10-3 (Fig.2.4).  However, when some diagenetic changes
occur, this relationship no longer exists.  With this, Carpenter (1978) concluded that Br/Cl
values could also be used to show how fluids are diagenetically altered.  Examples of
diagenetic changes that can potentially be identified are: (1) the dissolution of evaporite
minerals; (2) mixing fluids expelled during compaction; and (3) alteration of hydrous
evaporite minerals.  The dissolution of halite in sea water will typically produces fluids
with low Br/Cl ratios, while subaerial evaporation of sea water or mixing of fluids with
different compositions result in higher Br/Cl ratios (Carpenter, 1978; Hanor, 1994).
When fluids are mixed, these relationships become masked.  Typically, high Br/Cl values
indicate the mixing of an enriched brine member and a dilute fluid.  However, halite that
has been recrystallized may also lead to high Br/Cl values (Stoessell and Carpenter, 1986;
Egeberg and Aagaard, 1989).
2.2.10. Isotopes
In general, meteoric values of delD and del18O decrease away from the equator,
toward higher latitudes.  del18O values at the equator approach 0, while the northern
hemisphere reaches values less than -22 permil and the southern hemisphere values are
less than –10 permil (Yurtsever, 1979).  The increased evaporation of tropical latitudes
causes heavier isotopes to be present in evaporated water.  Lower temperatures result in
only lighter delD and del18O being evaporated.  The meteoric delD and del18O values
are also affected by locations within continents.  Despite this complexity, when delD and
del18O for worldwide meteoric waters are plotted against versus each other, a linear
relationship results with the equation delD=8del18O+10 (Fig.2.5) (Drever, 1997).  In
general, del18O values increase as meteoric waters are buried.  Several authors have
concluded that the increasing del18O is most likely the result of exchange of oxygen with
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the host sediments, which is enhanced by elevated temperatures (Kharaka and Carothers,
1988; Fisher and Boles, 1990; Worden et al., 1999).  The evaporation of sea water is also
known to enrich both delD and del18O until halite saturation is reached and deuterium
reverses (Egeberg and Aagaard, 1989).  Thus, delD and del18O relationships can be also
























Fig. 2.4.  Expected bromine and chloride relatioinships for  fluid



























Fig. 2.5.  Global meteoric water line with respect to oxygen and hydrogen
isotopes as defined by Drever (1997).
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CHAPTER 3. SOUTHWEST LOUISIANA
3.1. Geologic and Hydrologic Setting
3.1.1. Geologic History
The origin of the Gulf of Mexico basin was the result of rift-related extension that
began sometime in the Late Triassic (Ewing, 1991; Salvador, 1991).  The basement of the
basin is characterized by oceanic crust in the central region that is rimmed by continental
crust (Ewing, 1991).  Sediment fill in the depocenter reaches a maximum thickness of
approximately 15km (Ewing, 1991).
During the early Mesozoic, a general transgression of marine waters moved as far
north as Arkansas into graben and intergraben areas resulting from subsidence (Scott et
al., 1961; Bishop, 1967; Salvador, 1991).  As a result, thick accumulations of salt were
deposited in the northwest region from Mexico to the Florida panhandle known as the
Louann Salt (Fig.  3.1) (Marsh, 1967; Walper, 1980).  The average thickness of the
Louann Salt may be as much as 1.5 km, while bedded allochthonous salts penetrated by
wells are greater than 400 m in thickness (Andrews, 1960).  Salt diapirs now penetrate
Cenozoic sediments causing local variations in dip and thickness of overlying sediments
(Grubb and Carillo, 1988).
Since the Middle Mesozoic, the Gulf of Mexico Basin has continually subsided
due to thermal cooling and sediment loading (Salvador, 1991).  At the onset of the Ceno-
zoic, the Laramide orogeny caused uplift to the north and west of the basin (Jones, 1977).
This uplift resulted in a large influx of sediments into the basin during the Late Paleocene
and Early Eocene.  These sediments consisted of alternating beds of sand, silt, and clay
deposited in alluvial, deltaic, and shallow marine environments (Jones, 1977; Grubb and
Carillo, 1988; Hoffman and Weiss, 1991).  During the Eocene, the development of small
deltas ensued while minor transgressions and regressions continued.  The Oligocene was
a time when subsidence increased rapidly, incurring thicker sediment deposits along the
northwest margin, as seen in Figure 3.2 (Ocamb, 1961; Salvador, 1991).  Also during this
period, carbonate deposition began to shift eastward, deltaic depocenters grew larger, and
the principal drainage system changed from the Rio Grande river of Texas to the Missis-
sippi river (Nairn and Stehli, 1975).  Cenozoic sediments carried by the Mississippi
consisted mostly of quartz with smaller amounts of illite, kaolinite, chlorite, feldspars,
and minor amounts of heavy minerals (Jones, 1977).
Tertiary strata generally consist of regressive units deposited Gulfward, resulting
in an overall vertical Cenozoic strata column of marine shales at the base, sands, silts, and
clays in the middle, and alluvium and terrace deposits on top (Fig.  3.3) (Curtis, 1970;
Hosman and Weiss, 1991).
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Fig. 3.1.  Beginning of the Mid-Jurassic separation of North America and South  America



































































Fig. 3.3.  General stratigraphic column showing the Cenozoic units of Texas, Louisiana,
the Western Florida  Panhandle,  and geohydrologic units of the Gulf Coastal Plain (modified
from Hosman  and Weiss, 1991).
22
3.1.2. Southwest Louisiana Regional Fluid Flow
The subsurface of southwest Louisiana contains a deep Cenozoic section of shale-
rich sediments, overlain by a coarser sand-rich section.  The depth of the sand/shale
boundary (dark dashed line) begins at a depth of approximately 2100 m in the north and
increases in depth to approximately 4500 m to the south (Fig.  3.4).  Hydraulic head
calculations conclude that the deeper shale-rich section contains overpressured fluids,
while the sand-rich section typically contains hydropressured fluids (Hanor et al., 1986).
Hanor and Sassen (1990) were able to show that the flow regimes in these three distinct
sections reflect 1) pressure-induced flow in the overpressured section, 2) density-driven
flow in the upper hydropressured section, and 3) topographically-driven meteoric flow
(Fig.  3.5).  Work from Hanor and Sassen (1990) used isotopic and inorganic chemical
compositions to advocate that large-scale fluid overturn occurs in southwest Louisiana
subsurface.  The overturn occurs as pressure-induced flow of warm, deep fluids at depths
greater than three miles move upward into the cooler, overlying section.  As the warm
fluids cool, density induced flow results in fluids flowing downward through the underly-
ing sediments.
Pressure-induced flow is probably not always constant, but rather, episodic in
nature (Roberts and Nunn, 1995).  In this case, pressure would build-up through time and
reach a threshold value that propagates fractures that induce temporary fluid flow.  Fluid
expulsion models using numerical calculations were simulated by Roberts and Nunn
(1995) that estimated expulsions to occur at <100-year intervals.
Fluid density and viscosity also play an important role in fluid migration in deep
sedimentary basins (Hanor and Bailey, 1983).  Hanor et al. (1986) calculated in-situ fluid
density and viscosity values that decreased with depth (Fig.  3.6).  Decreasing viscosity
values would result in more efficient fluid flow.  The lower density fluids beneath fluids
with greater densities would be gravitationally unstable and result in density driven
overturn.
3.1.3. Southwest Louisiana Aquifers
As discussed previously, thick-bedded sands dominate the upper section of sedi-
ments in southwest Louisiana.  These thick sands provide conditions for an extensive
freshwater aquifer system that is a topographically-driven regional flow system (Hanor
and Sassen, 1990).  Southwest Louisiana is part of the Coastal Lowlands Aquifer System,
which is part of the Gulf Coast Regional Aquifer System (Fig.  3.7).  The depositional
environments of this region were cyclical, alternating between continental and marine
(Hosman and Weiss, 1991).  These environments controlled the lithologies and hydro-
logic properties of the region.  The sandy, continental derived sediments comprise the
permeable aquifers, while the more clay rich, marine sediments comprise the confining
units (Hosman and Weiss, 1991).
Grubb and Carillo (1988) and Hosman and Weiss (1991) describe the depositional
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Fig. 3.4.  North-south cross section showing the shale-rich and sand-rich sections common
in the subsurface of southwest Louisiana  (from Hanor et al., 1986). The dashed line
represents the approximate separation between sand- and shale-dominated sediments.
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Fig. 3.5.  Cross section showing inferred fluid flow near part of the Welsh salt dome,
Louisiana (from Bennett and Hanor, 1987, and Hanor and Sassen, 1990).
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Fig. 3.6.  Fluid density and viscosity profiles from southwest Louisiana (from Hanor et
al., 1986).
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Fig. 3.7.   Map  showing  the  generalized  Gulf  Coast  Regional  Aquifer fresh water
system (from Hosman and Weiss, 1991).
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facies and role of hydrogeologic units in the Gulf Coastal Plain system.  The Midway
Group of the Paleocene is the basal confining unit that is composed of predominately
marine clay.  The Wilcox Group of the late Paleocene and Eocene that overlies the Mid-
way Group and is composed mainly of sand units of varying thickness.  Although the
Wilcox Group is sand-rich in most places, there are abundant interlayers of sand, silt, and
clay.  The interconnectivity of the Wilcox Group is mostly lateral due to clay lenses that
reduce vertical permeability.  The Claiborne Group of the Eocene overlies the Wilcox and
is composed of marine and nonmarine sediments.  A series of aquifers is formed by sandy
sections of varying thickness and interbedded clay.  The interbedded clay units behave as
confining beds and tend to follow formation boundaries.  The Vicksburg and Jackson
groups of the late Eocene and Oligocene are composed of similar sediments and behave
as an extensive confining bed that is composed of mostly marine sediments.  The remain-
ing Tertiary and Quaternary deposits consist of nonmarine and shallow marine sediments
that are commonly coarse at the base and fine upward.
Grubb and Carillo (1988) describe the base of the groundwater flow system of the
Gulf of Mexico coastal plain to be at the top of the pressure transition zone.  Above this
the pressure transition zone, the sediments are dominated by permeable sands that permit
fluids to move upward (Hanor and Bailey, 1983).
3.1.4. Data Evaluation
Data evaluation for 398 waters analyses from southwest Louisiana was performed
as discussed in Chapter 2.  Electro-neutrality percent errors for the Southwest Louisiana
data were a range of ±100% (Fig.  3.8a).  The 368 analyses within ±10% error were
deemed acceptable (Fig. 3.8b).  When conductivity was plotted against TDS, a polyno-
mial curve fit through the majority of the data points (Fig. 3.9a).  There were eight data
points that did not lie close to this line.  Once these eight analyses were removed, the
polynomial curve fit through the remaining data points gave an R2 value of 0.9831 (Fig.
3.9b).  Southwest Louisiana fluid density data versus salinity plotted linearly (Fig. 3.10a).
Only one point did not plot along this line and was removed (Fig. 3.10b).  After the data
evaluation, 359 of 398 analyses were found to be acceptable for this study.
3.1.5. Spatial Variations in Temperature
Figure 3.11 is the result of temperature plots with respect to the six-parish region.
On both plots, the darker areas represent greater depths.  The depth to 100°C has a gen-
eral trend of shallowing in the northwest, while depths are greater to the southeast.  The
depth to 150°C plot has more variability with oval shapes areas of greater and lesser
depths to 150°C.  These depths and temperatures were then averaged and the result was a



















































Fig. 3.8.  Electro neutrality % for data prior to evaluation (a) and post-evaluation (b).























































Fig. 3.9.   Conductivity (ohm-m)  versus  TDS (mg/l) prior to  evaluation (a) and after















































Fig. 3.10.  Fluid density (g/cm3)  versus TDS (mg/l)  for  data prior to evaluation  (a)
and  after evaluation (b).   The relationship between these parameters show a linear
relationship with only one outlier (a).
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Fig. 3.11.  Depths  to 100degC and 150degC isothermal surfaces for six parish region of
Southwest Louisiana (shown outlined in dark).  The distribution of data points is shown on
Figure 3.15.
Depth to 100degC Fluids
Depth to 150degC Fluids
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3.1.6. Spatial Variations in Pressure
No pressure data were included for the southwest Louisiana USGS data set.
However, the depth to overpressured fluids is of interest.  The Louisiana Geological
Survey north-south cross sections also included the depths to the top of the overpressure
transition zone (Bebout and Gutierrez, 1982).  These depths and the locations of the wells
were also plotted using the Surfer® program.  The result is a contour map showing the
depth to the top of the overpressured fluids (Fig. 3.12).  This map shows that the depth to
overpressured fluids was the shallowest in central area of the six-parish region and the
depth to overpressured fluids increased to the north and south.
3.1.7. Spatial Variations in Salinity
The salinity versus depth profile for southwest Louisiana has a dashed line that
represents an approximate sea water salinity of 35 g/l and solid horizontal lines that
represent the range of the top of overpressure (Fig. 3.13).  It is apparent that a great deal
of variability exists among the salinity values exist from 2000 to 5000 meters depth.
Overall, salinity decreases with depth.  Low salinities appear more common below the
2500 m.  Of interest are that the depths within this range are commonly associated with
overpressured fluids present along the Louisiana Gulf Coast.
Figure 3.14 is a TDS versus depth for each of the six parishes in this study.
Again, the dashed line represents sea water salinity of 35 g/l and solid horizontal lines
show the range of the top of overpressure.  Excluding the very high salinities that are
probably due to halite dissolution, a tendency of decreasing salinity with increases depth
is evident.  Also, all parishes have waters with salinities less than sea water at depths
greater than 2500m.
3.1.8. Cross Sections
Figure 3.15 is a base map of the geologic cross sections constructed for this study.
Included on the base map are an outline of the six-parish region, location of the cross
section lines, and well locations from which water was sampled.  Six cross sections were
constructed with the approximate location of the top of overpressure, 100°C and 150°C
isotherms, various salinity values, and geologic data (Fig. 3.16a-f).  Three cross sections
are oriented north-south and three are oriented west-east.  Also included on the cross
sections are the parish locations and cross section ties.
The 100°C isotherm follows closely along the top of the overpressured fluids.
This is consistent in the north-south cross sections and two of the three west-east cross
sections.  Cross section F-F’ is the southern most line and the 100°C isotherm is shown to
be vertically higher than the top of overpressure in Vermillion parish.  This would be
expected, because to the north and south of the study area, the top of overpressure begins















































































































































































































































Fig. 3.13.  Salinity versus depth profile for the six-parish southwest Louisiana  region.
The  vertical  dashed  line represents seawater salinity.  The  two horizontal lines  repre-

















































































































Fig.  3.14.  Salinity versus depth profile for each parish of the six-parish region of  southwest
Louisiana.   The  dashed  line  represents  seawater  salinity  and the horizontal lines show



















    Davis
Louisiana
0 km 50 km
Fig. 3.15.  Cross section base map for the six-parish region of  southwest Louisiana.  The
black dots show  well locations of from which data was collected.  In some cases, one dot
may represent  multiple wells.  Additionally, the data collected at each  well typically







































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































Fig. 3.17.  Major cations versus depth for data from southwest Louisiana.  The vertical
dashed line represents the respective sea water value and the solid horizontal line  show
the range of the top of overpressure.
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There is a high degree of local variability of salinity.  Salty waters are present in
both overpressured and hydropressured fluids.  Low salinity waters are present above and
below the top of overpressure.  However, low salinity fluids are restricted, with one or
two exceptions, to temperatures between 80°C and 150°C.  The cross sections indicate
that most low salinity fluids occur at depths between 2000 m and 3000 m.
3.2. Geochemical Composition
3.2.1. Cation Composition
The log values for Na, K, Ca, and Mg are shown as a function of depth in Figure
3.18.  Lower Na concentrations are present more frequently as depth increases.  Most of
the Na values are above the sea water value, but below a depth of 3000 m a significant
amount of Na is below sea water value.  Also, below a depth of 3000 m Na values begin
to show considerable variability that continues to the maximum depth of the data.  Gener-
ally, the lowest Ca concentrations occur within the overpressured transition zone.
The K abundances show significant variability with increasing depth.  The highest
K variability occurs between the depths of 3000 m and 5000 m.  There is no increasing or
decreasing trend apparent.  The interesting characteristic is that most K values are below
the K values for sea water.  Only depths below, ~3500 m show values greater than sea
water.  The lowest K concentrations generally occur within the overpressure transition
zone.
The concentrations of Ca also do not show an increasing or decreasing trend with
depth.  Instead, the concentrations of Ca have high variability at all depths.  Most of the
Ca concentrations are well above sea water values although lower values are present
below depths of 2000 m.  Most of the low salinity waters occur within the overpressure
transition zone.
The concentrations of Mg become more variable with respect to depth.  Similar to
Na, K, and Ca, Mg begins to have marked variability with increasing depth.  Variability is
greatest between 3000 m and 5000 m.  Mg values, like K, show values well below those
values for sea water.  In fact, only a few values of Mg are higher than sea water concen-
trations.
3.2.2. Major Cations as a Function of Chloride
Concentrations of Cl typically do not increase or decrease as a result of chemical
reaction, but rather by processes of diffusion and dispersion.  Because of this, Cl typically
is 1:1 with respect to salinity and is the most dominant anion by mass in basinal waters,
and thus can be used as a master variable with respect to other ions (Hanor, 2001).  The
southwest Louisiana data presented here has the same characteristic (Figure 3.19).  Cl and
TDS have a 1:1 correlation that begins to decrease at lower TDS values.  With this in

















































Fig. 3.18.  Salinity  versus chloride for  southwest Louisiana.  The relationship
results in a 1:1 correlation.
Fig. 3.19.  Monovalent cations as a function of chloride for southwest Louisiana.  Each
plot shows a 1:1 relationship.
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also being made to salinity for most waters.
The monovalent cations, Na and K, plot along a 1:1 slope with respect to Cl (Fig.
3.20).  Na has a stronger correlation along 1:1, while K is more variable, especially at
greater Cl values.  The divalent cations, Ca and Mg, cluster loosely along 2:1 slopes with
respect to Cl (Fig. 3.21).  There is no correlation, however, at Cl values less than 10,000
mg/L.  At low Cl concentrations, Ca and Mg values exceed the equivalent Na values.  Of
the major cations, Na has the best correlation with respect to Cl.
3.2.3. Major Cations as a Function of Total Anionic Charge
Figures 3.22 and 3.23 show the log of major monovalent and divalent cations in
eq/l plotted as a function of total anionic charge as eq/l.  The monovalent cations, Na and
K, plot closely along a 1:1 slope with respect to total anionic charge.  The correlation for
Na is greater at larger anionic charge values.  K also is less variable at higher anionic
charges, but does not have correlate as well as Na.  Divalent cations, Ca and Mg, typically
plot near a 2:1 slope.  At lower anionic charge values, divalent cations have greater
variability.  Divalent cations that do plot near a 2:1 slope are more variable than monova-
lent cations.  When plots are compared, Na is by far the greatest contributor to cationic
charge, except at low TDS values.  However, as cationic charge increases, divalent
cations begin to make up a greater proportion of cationic charge.
3.2.4. Major Anionic Abundance
Chloride generally decreases with depth (Fig. 3.23).  There is a great deal of
variability and very high values.  Chloride has similar characteristics as salinity.  Bicar-
bonate as a function of depth increases variability with depth (Fig. 3.24).  The highest
values occur as depth increases.  Sulfate values are low, but increase variability beginning
at a depth of 2000 m (Fig. 3.25).
3.2.5. Major Anions as a Function of Total Charge
Chloride makes up the bulk of the anionic charge and plots along a 1:1 slope with
respect to anionic charge (Fig. 3.26).  HCO3 and SO4 contribute more to total anionic
charge at low Cl concentrations.  HCO3 and SO4 both have a decreasing trend as anionic
charge increases (Fig. 3.27).  HCO3 and SO4 have a greater tendency to cluster in a
manner distinctly different than chloride.  Because Cl contributes more to charge, HCO3
equivalent values decrease.  SO4 decreases until high Cl equivalent values are reached.
At the highest Cl values, the SO4 contribution also increases.
3.2.6. pH
There appears to be no obvious trend between pH and depth (Fig. 3.28).  Most of
the pH values for all wells fall within a range of 5 to 8.  The greatest pH variability is
































Fig. 3.20.  Divalent  cations as a function of chloride for southwest Louisiana.  A  2:1
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Fig. 3.21.  Monovalent cations  versus  total anionic charge for  southwest Louisiana data.
A 1:1 relationship is observed.
Fig. 3.22.  Divalent cations  versus total anionic charge for southwest Louisiana data.  A
























































Fig. 3.23.  Chloride as a function of depth
for  southwest   Louisiana.  The dashed
line represents the Cl concentration for
seawater and the horizontal lines show
the range of the top of overpressure.
Fig. 3.24.  Bicarbonate as a function of
depth  for southwest   Louisiana.  The
dashed line represents the HCO3
concentration for seawater and the
horizontal lines show therange of the
top of overpressure.
Fig. 3.25.  Sulfate as a f unction of depth
for southwest Louisiana.  The dashed line
represents theSO4 concentration for
seawater and  the  horizontal  lines  show
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Fig. 3.26. Chloride versus total anionic charge for southwest
Louisiana.
Fig.3.27.  Bicarbonate (a) and sulfate (b) versus total anionic charge





















Fig. 3.28.  pH as a function of depth for all southwest Louisiana data.  The solid horizontal
line represents the range of the top of overpressure.
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each parish and there are two parishes that show correlating relationships.  Allen parish
pH values increase with increasing depth.  Again, pH has marked variability at depths
below 2000m.
It is difficult to determine any relationships between pH and salinity in southwest
Louisiana (Fig. 3.30).  It can be said, however, that pH is highly variable and the highest
variability is from the lower salinity fluids.  It has been shown that pH generally de-
creases with increasing salinity in sedimentary basins (Hanor, 2001).  In general, this is
true for the Southwest Louisiana data, with two possible exceptions.  Figure 3.31 is pH
versus salinity for each Southwest Louisiana parish.  Four of the six parishes have a
tendency to decrease pH while salinity increases.  The two exceptions to the above
circumstance are Cameron and Vermillion parishes that have decreasing pH trends with
decreasing salinities.
3.2.7. Br/Cl
The Br/Cl ratio for southwest Louisiana includes a line representing Br/Cl ratio
for evaporating sea water (Fig. 3.32).  Almost all of the data has low Br/Cl values that are
typically attributed to the dissolution of halite (Carpenter, 1978; Hanor, 1994).  These
values would be reasonable for Southwest Louisiana considering that halite dissolution is
a common occurrence.  It is difficult to say whether these waters originated as sea water
using this method.
3.2.8. Dissolved Silica
There does not appear to be a distinct relationship between dissolved silica and
salinity for Southwest Louisiana (Fig. 3.33).  Two general comments can be made regard-
ing dissolved silica with respect to salinity: (1) the variability of dissolved silica increases
at lower salinities and (2) maximum silica values decrease with increasing salinity.
Southwest Louisiana dissolved silica values do not show a clear relationship with
respect to temperature either (Figure 3.34).  Again, two general statements can be made
regarding dissolved silica with respect to temperature: 1) lower temperatures typically
have lower variability in silica concentration and 2) maximum dissolved silica values do
not necessarily occur at the highest temperatures.  Figure 3.35 is the activity of (SiO2)
with respect to temperature and two silica phase solubility lines (Hutcheon, 2001).  The
data plots subparallel and below the quartz solubility line.  Thus, all sampled waters are














































































































Fig. 3.29  pH versus depth for each of the six parishes of southwest Louisiana. The solid
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Fig. 3.32.  Bromine versus chloride ratios for the southwest Louisiana data.  The solid
line represents the seawater evaporation line (Carpenter, 1978).





































Fig. 3.34.  Dissolved SiO 2 versus temperature for southwest Louisiana.
Fig. 3.35.  Silica solubilty as a function of temperature.  The dashed line represents
amophous silica and the solid line represents quartz (from Hutcheon, 2001).
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3.3 Phase Diagrams and Solubility Calculations
3.3.1. Phase Diagrams
Phase diagrams from three sources were used to determine possible fluid mineral
equilibrium conditions. Data that plots in stability fields do not necessarily mean it is
present, but could possibly be present.  The sources were: (1) Bowers et al. (1984); Bazin
(1994); and Hutcheon (2000).
The Bazin phase diagram uses the activities of K, H, and H4SiO4.  Low salinity
waters from southwest Louisiana (gray-filled dots) and West Feliciana (empty triangle)
have fluid compositions that plot in fields for boehmite, an aluminum oxide, and musco-
vite, similar to illite composition (Fig. 3.36).  At both locations, waters are undersaturated
with respect to quartz (represented by the dashed line) except for one data point from
Point Coupee.  Phase diagrams for both locations show K-feldspar to be unstable.
Phase diagrams from Hutcheon (2001) were constructed using Na, K, and
H4SiO4 data with respect to temperature.  The first are waters from southwest Louisiana
and West Feliciana that plot in illite-kaolinite stability fields (Fig. 3.37).  This would be
consistent with Weedman et al. (1992) where is kaolinite present as secondary pore-filling
cement.  Again, K-feldspar is unstable for all waters.  With respect to silica, fluids are
undersaturated with respect to quartz (Fig. 3.38).  This result concurs with the Bazin
(1994) diagrams, although the Bazin (1994) calculations did not use and equations with
silica as a variable.
Phase diagrams were also constructed from Bowers et al. (1984).  These diagrams
are calculated using activity calculations with Na, Ca, Mg, and H.  The first shows stabil-
ity fields for carbonate mineral phases (Fig. 3.39).  The results from West Feliciana and
southwest Louisiana plot mostly in the dolomite stability field.  Most of these are fairly
close to equilibrium between dolomite and calcite.  There are several data points that plot
in the calcite stability field.  The other phase diagram shows stability fields for the silicate
minerals kaolinite, paragonite, albite, and chlorite (Fig. 3.40).  The data plots along a
linear trend from kaolinite to chlorite stability fields.  Weedman et al. (1992) found
chlorite coatings present on West Feliciana mineral grains, which would agree with these
results.
3.3.2. Solubility Calculations
Saturation Indices, SI, were performed for calcite, dolomite, quartz, and amor-
phous silica using QuickiePT2002 (Fig. 3.41).  Southwest Louisiana has a general trend
of both carbonates increase supersaturation with depth.  In most of the fluids, calcite and
dolomite are insoluble (Fig. 3.42).  Both quartz and amorphous silica are soluble at all
depths of southwest Louisiana waters.
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Fig. 3.36.  Phase diagram from Bazin et al. (1997)  showing various metastable mineral
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Fig. 3.37.  Silicate phase diagram from Hutcheon (2000).  For  southwest Louisiana.





















Fig. 3.38.  Silica phase diagram from Hutcheon showing amorphous silica and quartz













































Fig. 3.39.  Phase diagram for carbonate mineral  stability  from Bower et al.  (1984).
The  diagram  uses  the activities of  Mg and Ca  with respect to H.  The fields
represent stable mineral  compositions  for the given mineral phase.
Fig. 3.40.  Phase diagram for various silicates from Bower et al. (1984).  The diagram
uses  the activities of  Mg  and  Ca  with respect to H.  The  fields represent stable





























-10.0 -5.0 0.0 5.0 10.0











Fig. 4.42.  Saturation Index, SI, of silica phases with respect to
temperature for southwest Louisiana.
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CHAPTER 4. POINT COUPEE PARISH, LOUISIANA
4.1. Moore-Sams and Morganza Gas Fields
4.1.1. Previous Studies
Moore-Sams and Morganza gas fields are located along the west bank of the
Mississippi River in Point Coupee Parish, south-central Louisiana  (Fig. 4.1).  There have
been several studies conducted by Pennsylvania State University discussing the fluid
chemistry, diagenesis, and the timing of a pressure seal present in the fields (Weedman et al.,
1992a, 1992b; Ross et al., 1994; Poulson et al., 1995; Weedman et al., 1996).  The purpose of
these studies was to determine the probability that the pressure seal was a result of diagenesis.
Weedman et al. (1992a, 1992b) used petrographic data to conclude that dissolution of
cements in sandstones by corrosive fluids occurred, which lead to secondary compaction and
porosity reduction.  The secondary compaction lead to a low permeability seal zone that
separated normally pressured, high porosity sandstones from overpressured, high porosity
sandstones.  They suggest that dissolution of this magnitude would require large amounts of
fluids that must have been derived from deeper shale-rich sections of the basin.
Ross et al. (1994) analyzed fluid data from the fields to further the study.  Several
conclusions were reached.  Pore fluids were supersaturated with respect to quartz suggesting
active dissolution of silicates.  Pore fluid chemistries suggested a heterogeneous and complex
hydrology.  The supersaturated fluids would act as a resealing agent in the event of a crack in
the pressure seal.  In addition, differences of CO2 pressures above and below the seal existed.
CO2 exsolution in seal cracks would lead to carbonate precipitation that could also potential
aid in resealing.
Poulson et al. (1995) used stable isotopes, dissolved inorganic carbon, methane and
carbon dioxide analyses to evaluate fluid equilibrium, constraints on diagenetic events, and
whether the fluids were compartmentalized.  It was concluded with del18O values that low
salinity, isotopically light water formed by condensation during gas production mixed with
high salinity, isotopically heavy waters.  Del13C values established that most samples were at
isotopic equilibrium with CO2 and that methane and C2 were thermogenic in origin.  Calcite
and dolomite cements that were formed around the seal were part of an early diagenetic event.
It was not possible to identify compartmentalization.
The work above was also included in Weedman et al. (1996) study to model fluid
diagenesis.  The study concluded that precipitated quartz overgrowths occurred at <90º C.  At
100º C and 135º C, calcite precipitation occurred while quartz cementing occurred at 125º C.
The dissolution of carbonate cements prior to quartz and calcite precipitation.  This was
followed by pore-filling kaolinite and grain-rimming chlorite.  Also, overpressured fluids
present in the sandstone hampered compaction that occurred in late stages.  In all, these events
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40 km
Fig. 4.1.  Location of Moore-Sams and Morganza gas fields, Point Coupee Parish
Louisiana (from Ross et al., 1994).
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occurred prior to the pressure seal becoming effective.
The conclusion of these studies was a hypothesis that the development of the
overpressured fluids was the result of a seal created by fluid diagenesis.  These studies
included valuable information concerning fluid chemistry, isotopes, and petrographic data.
Even more, these data occur in proximity to an overpressure transition zone.
4.1.2. Point Coupee Data in this Study
Because of the propinquity of these fields to the southwest Louisiana fields, the
information and data presented in the studies were used to compare chemical compositions
and gain further insight of chemical behavior.  To do this, the data were evaluated to
determine any systematic behavior involving fluid compositions with methods described in
Chapter 2.
The data used in this study are from 15 wells from the Moore-Sams and Morganza
fields published by Ross for these fields al. (1994).  These gas fields are located in Point
Coupee Parish, and will be referred to as such.  The sampling and analytical methods used for
these analyses are also described by Ross et al. (1994).  At the time of their study, the fields
were operated by Amoco and maintained gas production up to 9.58-mmcf/d and petroleum
condensate production up to 255 bbl/d (Ross et al, 1994).  Production occurred in the deep
lower Tuscaloosa formation at depths ranging from 5400 m to 5800 m.  The deep lower
Tuscaloosa formation is early Cretaceous in age and consists of interbedded sandstones and
shales.  The average sandstone/shale ratio is approximately 4:1 (Weedman et al., 1992).  The
wells are located within four east-west trending fault blocks that dip slightly to the southwest
(Fig. 4.2).  This study area is also known to have overpressured fluids at depths below 5000 m
(Ross et al., 1994; Weedman et al., 1992a, 1992b; Weedman et al., 1996). The seal that
maintains the overpressured fluids is at constant a nearly constant depth through the fault
blocks, which suggest that the overpressured transition zone crosses stratigraphic boundaries
(Weedman et al., 1992) (Fig.  4.3).
4.2. Point Coupee Salinities
Point Coupee shows a salinity range between 14 g/l and 57 g/l through depths ranging
from 5503 m to 5797 m (Fig. 4.4).  This is a wide range of salinity considering the narrow
depth interval, 294 m.  Most of the salinity values are below sea water, which is represented
by a dashed line in the figure.  There is no relationship of salinity with respect to the
overpressure transition zone.  When salinity is plotted as a function of temperature, salinity
values are less variable as temperatures increase (Fig. 4.5).  Salinity values greater than sea
water occur at lower temperatures.
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Fig. 4.2.  Well locations of the Morganza and Moore-Sams gas fields (from Weedman, 1992b).
Not all wells were used for this study.  The  numbers in squares identify fault blocks.  The  solid
lines represent  normal  faults.  The map also shows cross sections line A-A' and B-B' that are

















Fig. 4.3.  Cross section A-A' and B-B' from the gas fields in Point Coupee Parish (from Weedman,
1992b).  Each cross section shows gamma ray and resistivity logs from four wells.   The
arrows indicate pressure gradients in MPa/km or KPa/m).  The shaded areas show the deepest
normal pressure measurement and shallowest overpressure measurement, or  the overpressure
transition zone. The dashed line is a shale unit correlated that may be the only laterally exten-































Fig. 4.4.  Salinity versus depth for the gas fields of Point Coupee Parish, Louisiana.  The
dashed line represents seawater salinity.  The horizontal lines represent the location of
the overpressure transition zone. The data is from this figure and the following figures
are from Ross et al. (1994)  unless otherwise indicated.
Fig. 4.5.  Salinity versus temperature for the gas fields of Point Coupee Parish, Louisiana.
70
4.3. Temperatures
Temperatures for Point Coupee range from 161-175º C (Fig. 4.6).  Despite the narrow
depth interval and presence of overpressured fluids in the reservoirs, temperatures increase
linearly with depth, with one exception.  A linear regression line through the data points
yielded a temperature gradient of ~27° C/km, although the thermal gradient published by Ross
et al. (1994) is 30° C/km.  Both of these values are consistent with general thermal gradients
in the Gulf Coast region (Trevena and Clark, 1986).
4.4. pH
The pH values for Point Coupee fall within a range of 5 and 7 (Fig. 4.7).  A least
squares regression line through the data results in an increase in pH with increasing depth,
although the depth interval is relatively narrow for Point Coupee.  When pH is plotted as a
function of salinity, there is a general trend of pH increasing as salinity decreases (Fig. 4.8).
This relationship is common for many sedimentary basins (Hanor, 2001).
4.5. Chemical Analyses
4.5.1. Cation Abundances
Na is the most abundant cation at all depths with values exceeding 5000 mg/l (Fig.
4.9).  Na values deviate above and below the Na values for sea water equally.  Ca is the
second most abundant cation with values ranging from <250 mg/l to >2000 mg/l.  The
majority of Ca concentrations are above the sea water value.  K and Mg cations both show
concentrations near or less than 100 mg/l.  All K and Mg values are well below their
respective sea water value.
K with respect to Ca and Mg as a function of temperature has systematic behavior
(Fig. 4.10).  The solid lines in the figure represent least squares of a polynomial equation
fitted through the data points.  The R2 values were 0.6412 for Ca/K and 0.566 for Mg/K.  In
both cases, as temperature increases, Ca/K and Mg/K values decrease.
4.5.2. Cations as a Function of Chloride
There is a systematic correlation between Cl and salinity on a log-log plot (Fig. 4.11).
Cations also show correlative relationships with respect to Cl (Fig. 4.12).  Monovalent cations
show 1:1 relationships as a function of Cl, while divalent cations show a 2:1 relationship.  It is
clear that the 1:1 relationship of the monovalent cations is more pronounced than the 2:1














Fig. 4.6. Temperature as a function of depth for Point Coupee Parish, Louisiana. The calculated

























Fig. 4.7.  pH as a function of depth.  The line through the data is a least squares regression
line for Point Coupee Parish.
Fig. 4.8.  pH as a function of salinity.  A least squares  regression  line  shows  a  slight























































Fig. 4.9.   Monovalent  and  divalent  cations  abundances  as a function of depth for Point
Coupee Parish, LA.  The dashed line  represents  the seawater values for  the cation.  The















































Fig. 4.10.  Ca/K and Mg/K ratios as  a function of temperature for Point Coupee Parish, LA.











































































Fig. 4.12. Cations as a function of chloride.
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4.5.3. Major Cations as a Function of Total Anionic Charge
Monovalent cations, Na and K, plot along a 1:1 slope with respect to total anionic
charge (Fig. 4.13).  At the lowest and highest values of total anionic charge, Na values show
slight deviation from a 1:1 relationship; however, Na shows the strongest systematic
correlation of the major cations.  K plots closely to 1:1 slope and deviates only slightly along
the line.  Ca and Mg both plot near a 2:1 slope, but tend to show deviation that clusters around
the line instead of plotting on it.
4.5.4. Major Anionic Abundance
Cl is the most abundant anion of the Point Coupee samples and most values exceed
10,000 mg/l (Fig. 4.14).  Cl values plot near or below the sea water value and shows high
variability.  HCO3 is the second most abundant cation with values ranging from 100 mg/l to
greater than 400 mg/l.  The values of HCO3 are greater than the value for sea water, except for
one data point.  Also, a least regressions line through the data results HCO3 decreases with
depth.  Acetate, a carboxylic acid anion, follows closely behind HCO3 in concentration with
values ranging from 100 mg/l to 300 mg/l.  Acetate increases concentration with depth.  SO4
is the least abundant major anion and all values are =30 mg/l.  There is a decreasing trend with
depth shown for SO4.  Both acetate and SO4 are well below the sea water values, thus the sea
water values are not shown.
4.5.5. Anions as a Function of Total Anionic Charge
Cl plots on a line with a 1:1 slope with respect to total anionic charge (Fig. 4.15).
Also, Cl shows the greatest contribution to charge.  HCO3, SO4, and acetate all show
tendencies to cluster and no systematic changes as charge increases.
4.5.6. Br/Cl
The Br/Cl relationship for Point Coupee data shows a behavior typical of evaporated
sea water (Fig. 4.16).  There is a slight tendency for some data to deviate slight above and
below the sea water evaporation line.
4.5.7. Dissolved Silica
Although variability exists, dissolved silica shows a general increasing trend with
respect to salinity (Fig. 4.17).  The greatest silica variability occurs at salinities between
20,000 mg/l and 40,000 mg/l.  When silica is compared with respect to temperature, there is
no clear relationship (Fig. 4.18).  The temperature range is approximately 15°C and variability
is high.  The waters of Point Coupee are undersaturated and close to equilibrium with respect
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Fig. 4.13.  Cations as a function of  total  anionic charge for Point Coupee  Parish,  LA.   The























































Fig. 4.14.    Major anions as a function of depth for Point Coupee Parish, LA.  Dashed lines
represent the respective seawater value.  The seawater value line for  SO4 and acetate are not
shown because measured values are much less than the seawater value.  Where solid lines are








0.0 0.5 1.0 1.5












0.0 0.5 1.0 1.5













0.0 0.5 1.0 1.5












0.0 0.5 1.0 1.5








Fig. 4.15.  Major anions versus total anionic charge for Point Coupee Parish, LA.  The solid




































Fig. 4.16.    Bromine  and  chloride  relationship  for  the  Point  Coupee data  set.  All values
are close to the Br/Cl ratio for seawater evaporation.



































Fig.4.18.  Dissolved silica as a function of temperature for Point Coupee Parish, LA.




Del18OH2O, determined from water by equilibration of CO2, and del
13C, determined by
dissolved bicarbonate, increase with depth (Fig. 4.20).  Del18O values are between 0 and 9,
and del13C values are between –11 and –3).  There is, however, a great deal of variability
along the least regression line.  A least regression line shows del18O values slightly decreasing
with respect to temperature, while del13C shows no systematic behavior (Fig. 4.21).  Del18O
shows a slight increasing trend as salinity increases (Fig. 4.22).  There are two groups: one
group with lighter del18O values is from lower salinity waters and heavier del18O are from
higher salinity waters.  Del13C shows high variability with respect to salinity and no
systematic behavior.
4.5.9. Pressure Variations
Pressure data from Ross et al. (1994) shows Point Coupee fluids to be very near
hydrostatic conditions until a depth of 5650 m, but are overpressured below that depth (Fig.
4.23).  With the exception of one temperature, overpressured fluids are elevated temperatures
(Fig. 4.24).  Only one data point shows a temperature similar to the hydropressured fluids.
With respect to salinity, overpressured fluids show less variability than the hydropressured
counterparts (Fig. 4.25).
4.5.10. Phase Diagrams and Solubility Calculations
The phase diagrams constructed for the Point Coupee data were constructed to
compare the results with those minerals present in the cuttings data.  The results plotted in the
stability fields of several mineral phases.  A phase diagram using K, H, and H4SiO4 resulted in
most data plotting in the muscovite stability field and some fluids in equilibrium with
muscovite-kaolinite (Bazin et al., 1997) (Fig. 4.26).  In the Bower et al. (1984) diagram using
Mg, Na, and H, fluids are in equilibrium with chlorite-paragonite (Fig. 4.27).  The
composition of paragonite is similar to muscovite.  The fluids of Point Coupee also plot in the
illite-kaolinite stability field (Hutcheon, 2001) (Fig. 4.28).  With respect to carbonates, the
fluids plot in equilibrium with dolomite-calcite (Bower et al., 1984) (Fig. 4.29).  Fluids were
supersaturated with respect to both calcite and dolomite (Fig. 3.30) and undersaturated with
respect to quartz and amorphous silica (Fig. 4.31).  Ross et al. (1994) concluded that waters
from Moore-Sams and Morganza gas fields were oversaturated with respect to quartz, which


























Fig. 4.20.  Del18O, measured by CO2 equilibrium in sampled waters, and del13C, from bicarbonate
species, values as a function of depth for Point Coupee Parish, LA.  Solid lines are least squares



















































Fig. 4.21.  Values for del18O and del13C with respect to temperature for Point Coupee
Parish, LA.  The solid lline through the del13C data is a least squares regression lines.
Fig. 4.22.  Values for del18O (H2O) and del


























































Fig. 4.23.  Pressure with respect to depth for
the Point Coupee data.  The solid line shows
the hydrostatic pressure gradient.
Fig. 4.24.  Pressure with respect to
temperature for the Point Coupee data.
Fig. 4.25.  Pressure with respect to



















Fig. 4.26.  Phase diagram constructed from Bazin et al. (1997) with various metastable  mineral
phases for Point Coupee Parish,  LA.    The dashed line represents quartz solubility. The diagram











































Fig. 4.27.  Phase diagram for carbonate mineral stability from Bowers et al. (1984) for
Point Coupee Parish, LA.






















Fig. 4.29.  Phase diagram for carbonates from Bowers et al. (1984) for





































Fig. 4.30. Calcite and dolomite saturation, SI, with respect to temperature for
the waters from Point Coupee.
Fig. 4.31.  Silica saturation index, SI, with respect to temperature for  the waters
from Point Coupee.
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CHAPTER 5. GLOBAL CHARACTERISTICS OF DEEP,
LOW-SALINITY WATERS
5.1. Introduction
In this chapter we examine the properties and proposed origin of deep basinal, low-
salinity waters in the Colville basin, Alaska (Kharaka and Carothers, 1981); Paris basin,
France (Michard and Bastide, 1988); Texas Gulf Coast (Land and Macpherson, 1992); South
Texas (Land, 1995); the Pattani (Lundegard and Trevena, 1990) and the Mahakam (Bazin and
Brosse, 1997) basins of southeast Asia; San Joaquin basin, California (Fisher and Boles,
1990); and the North Sea, Norwegian shelf (Egeberg and Aagaard, 1989).  The chapter begins
with a brief review of the geologic and hydrologic setting of each basin.  This is followed by a
comparison of the properties of fluids in these basins.
5.2. Description of Basins
5.2.1. Colville Basin, Alaska
The Colville basin is part of the North Slope complex of northern Alaska (Fig. 5.1).
The Colville basin is located on the Alaskan coastal plain between the Brooks Range and
Bering Sea.  Colville basin sediments consist of deformed Cretaceous and Tertiary
conglomerates, sandstones, and shales that uncomformably overlie Jurassic and older clastic
rocks and carbonates (Handschy, 1998).  The Brookian sequence consists of sediments that
were derived from the southern Brooks Range (Deming, 1992).  During the last 3.5 Ma, a
series of marine transgressions have moved across the northern coast and resulted in shoreline
migration to the south (Deming, 1992).  Presently, the Colville basin is thought to be
dominated by a regional, topographically driven meteoric flow regime (Deming, 1992).
Kharaka and Carothers (1981) concluded that the low salinity waters of the Colville basin are
due to meteoric input.  This conclusion was based on del18O and delD values that can be
extrapolated back to the meteoric water line.  The waters analyzed by Kharaka and Carothers
(1981), however, do not extrapolate to present day isotopic values, but rather to values
representing climatic conditions 20°C warmer than today.
Present annual average temperatures for the Colville basin are 4ºC at the surface.
Temperatures increase to 95ºC at a depth of 2.8 km (Fig. 5.2).  A linear regression line through
the data results in a thermal gradient of 32 ºC/km.  No unusual temperatures are recorded in
the well data.
Fluid pressures in the Colville basin are known to exceed hydrostatic pressures
(Hanor, unpublished data).  However, overpressured fluids are not the result of a pressure seal
or mechanism usually associated with overpressured fluids.  Instead, excess pressures result
























Fig. 5.2.  Temperature versus depth for the Colville Basin, Alaska. The solid line repre-
sents a least squares regression that resulted in a thermal gradient of 32 degC/km.  Data
from Kharaka and Carothers (1981).
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Measured salinity values for the Colville basin based on chemical analysis are between
<1 g/l at the surface to 25 g/l at ~2.2 km (Fig. 5.3).  Salinity data was available from the
surface to a depth approaching 3 km.  Measured salinities generally range between 15 g/l to
25 g/l between 0.5 km and 3 km with no systematic behavior with depth (Kharaka and
Carothers, 1981).
5.2.2. Paris Basin
The Paris basin of northern France (Fig. 5.4) experienced subsidence and
sedimentation from the Permian to the Middle Oligocene (Spotl et al., 1993).  Mesozoic and
Cenozoic sediments overlie Carboniferous and Permian siliciclastic sediments.  The presence
of Late Triassic salt, anhydrite mud flats, and marine carbonates in the region lead to large
differences in depositional environments and lithologies throughout the basin (Spotl et al.,
1993).  Del18O values suggest that the present day formation waters have been influenced by
Recent meteoric water influx (Worden et al., 1999).  Presently, fresh waters from the south
flush Tertiary sediments as well as permeable Mid Jurassic sediments (Spotl et al., 1993).  The
presence of marine mudrocks also supports the burial of marine waters as well.  This would
suggest that mixing of waters with marine and freshwater compositions yield salinities at or
below sea water salinity.
Individual well temperatures are not included in the Michard et al. (1988) Paris basin
data set. However, they do report a thermal gradient of 42 oC/km.  This value is reasonable
when compared to other thermal gradients reported in this study.
The Paris basin is a slowly subsiding basin with very low sedimentation rates (Burrus,
1998).  As common with other similar basins of the Paleozoic and Mesozoic, carbonates are
present which facilitate drainage, this preventing disequilibrium compaction.  As a result,
overpressured fluids are not known to be present in the basin.
Paris basin salinities are available from depths of 0.2 km to 1.5 km (Fig. 5.5) (Michard
et al., 1988).  Salinities range from <5g/l, at the shallowest depth, and ranges to 38 g/l.
Excluding the shallowest depth, salinity variability is high ranging from 10 g/l to 38 g/l.
There is no clear correlation between salinity and depth.
5.2.3. Texas Gulf Coast
The origin of the Texas Gulf Coast is part of the general development of the Gulf of
Mexico basin (see Chapter 3 discussion).  Water samples were taken from Oligocene and
Cenozoic oil and gas reservoirs located in nine Texas counties (Fig. 5.6) and three offshore
wells by Land and Macpherson (1992) and Land (1995).   According to Land and Macpherson
(1992), solutes in solution are most likely derived from water-rock interaction with marine
sediments in the Oligocene section and the dissolution of the Jurassic Louann Salt in the




















Fig. 5.3.  Salinty variations as a function of depth. All values are well below seawater
value represented by the dashed  line. Data from Kharaka and Carothers (1981).
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Fig. 5.5.  Salinity versus depth for  the Paris Basin, France. The dashed line represents














Fig.  5.6.  Texas counties from which well data was obtained by Land and
Macpherson (1992) and Land (1995).
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Cenozoic clastic sediments (Land and MacPherson, 1992; Leftwich and Engelder, 1993).
Temperatures for the Texas Gulf Coast range from 60ºC to 190ºC at depths from 1.8
km and 5.1 km (Fig. 5.7).  A linear regression line fit to each South Texas data set results in
thermal gradients of ~31.3ºC/km.  Curiously, the Land (1995) temperatures are ~20ºC less
than the temperatures from Land and Macpherson (1992).  Also, the equation resulting from
the least regression line for the Land (1995) temperature data has a temperature of almost 0ºC
at the surface.  However, the thermal gradient calculated for both data sets are similar to those
of southwest Louisiana.
Overpressured fluids are common throughout oil and gas fields along the South Texas
Gulf Coast (Leftwich and Englender, 1994).  The depths of overpressured fluids occur in
Tertiary sediments and are typically between approximately 2.3 km (Brooks County) and 2.7
km (Hidalgo County).  The proposed mechanism for the original overpressured fluids in this
region is undercompaction, although overpressured fluids also occur in normally compacted
sediments (Leftwich and Englender, 1994).
Salinity values based on chemical analyses for wells along the Texas Gulf Coast (Land
and Macpherson, 1992; Land, 1995) range from <10 g/l to >250 g/l (Fig. 5.8).  Texas Gulf
Coast salinity values have been reported from depths of 1.9 km to 5.0 km.  All salinities from
the Land and Macpherson (1992) are well above sea water salinity.  Salinities from Land
(1995) are both above and below sea water salinity.  The low salinities from Land (1995)
occur at depths greater than 3.4 km.  Overall maximum salinities of both data sets increase
with increasing depth.  Below the overpressure transition zone, salinity variability increases to
more than 200 g/l between samples.
5.2.4. Pattani Basin, Southeast Asia
The Pattani basin is located in the Gulf of Thailand, southeast Asia (Fig. 5.9).  The
basin is the result of a failed rift in the central Gulf of Thailand (Lundegard and Trevena,
1990).  Thick sequences of Tertiary and Quaternary sediments overlie Mesozoic and Paleozoic
sedimentary and plutonic rocks (Trevena and Clark, 1986).  The sediments of interest are
Miocene in age and deltaic and fluvial sediments of fine- to very fine-grained sandstones
(Lundegard and Trevena, 1990).  These sedimentary sequences are sandstones consisting of
non-marine mudrocks, coal, and minor brackish mudrocks.  Lundegard and Trevena (1990)
used del18O and delD analysis to show that formation waters were not the result of mixing of
sea water and meteoric water.  The del18O and delD values plotted similarly to those of
geothermal systems and were depleted del18O and delD values with respect to modern coastal
precipitation values, suggesting the source was from Miocene rivers at an elevation of ~1 km.
Temperatures of the Pattani basin range from 120ºC to 180ºC at depths between 1.5
km and 2.8 km (Fig. 5.10).  A linear regression line through the data points yields a
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Fig. 5.7.  Temperature versus depth for the South Texas Gulf Coast data. The data from Land
(1995) are shown by the gray-filled triangles,  and the data from Land and Macpherson (1992)
is shown by the solid  dots.  The lines represent a linear regression lines that both resulted in
















Fig. 5.8. Salinity versus depth for South Texas. The dashed line represents seawater  salinity. The
two horizontal lines represent the range of depth to overpressured fluids.  The data from Land
(1995)  are  shown  by the gray-filled triangles, and the data from Land and Macpherson (1992)
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Fig. 5.9.  An  outline of the Pattani trough,  the location of the Pattani Basin (from Trevena and
Clark, 1986).
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calculated thermal gradient is elevated when compared to others basins from this study.  A
thermal gradient this high often enhances chemical diagenesis and most likely accelerates
diagenetic reactions (Lundegard and Trevena, 1990).
The Pattani basin is known to have overpressured fluids present.  The top of the
overpressured fluids occurs at a depth of approximately 2.2 km (Trevena and Clark, 1986).
Of interest is that the top of the overpressure zone occurs in a section with an abundance of
sands.
The salinity profile for the Pattani basin ranges from approximately 4 g/l to 10 g/l at
depths from 1.6 km to 2.7 km (Fig. 5.11).  Pattani salinities with respect to depth tend to
cluster, but generally decrease with depth.  The salinity values from the basin are all well
below sea water salinity.
5.2.5. Mahakam Basin, Southeast Asia
The Mahakam basin is on the eastern part of Kalimanten, Indonesia (Fig. 5.12) (Bazin
and Brosse, 1997).  Bazin and Brosse (1997) describe the basin as dominated by recurrent
deltaic sequences that accumulated in north-south folds.  These folds were caused by tectonic
inversions from an east-west compressional phase initiated during the Pliocene.  Normal
faults exist basinward of the Mahakam Delta, which control regional fluid flow.  Deformation
occurred during the Pliocene that resulted in the input of meteoric waters into the sand-rich
sediments.  As a result, there are fresh-water sands present throughout the sedimentary
sequences.  Even some of the deeper zones that produce oil and gas are presently affected by
meteoric input.
The temperatures of the Mahakam basin are 51ºC to 140ºC at depths between 1.0 km
and 4.0 km (Fig. 5.13).  A linear regression line through these data results in a geothermal
gradient of 44ºC/km.  There are clear deviations from the regression line, with the greatest
deviations occurring where overpressured fluids occur.  The geothermal gradient of the
Mahakam basin is substantially lower than the Pattani of southeast Asia, but are elevated
when compared to other basins in this study.
Overpressured fluids occur in the Mahakam at depths of 3 km to 4 km (Burrus, 1998).
Burrus (1998) describe the overpressured fluids as coinciding with thick marine shale
sequences.  The mechanism of overpressure is modeled to be disequilibrium compaction
(Burrus, 1998).
Salinities for the Mahakam basin range from <5 g/l to 50 g/l at depths of 0.9 km and
4.0 km (Fig. 5.14).  Salinities are highly variable, particularly below depths of 2.0 km.  With
the exception of one data point, waters are below sea water salinity.  Maximum salinities




















Fig. 5.10.  Temperature versus depth for the Pattani basin.  The solid line represents a least





















Fig. 5.11  Salinity as a function of depth for the Pattani basin. the dashed line shows the  salinity
of seawater and  the horizontal line represents  the depth of transition to overpressured fluids.
Data from Trevena and Clark (1990).
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Fig. 5.12. The of the Mahakam Basin, Kalimanten, southeast Asia (from Bazin et al., 1996).
The lighest gray is the  island of  Kalimanten.  The dark fan-shaped feature is the extent of the




















Fig. 5.13. Temperature as a function of depth for the Mahakam basin, southeast Asia.   The
solid line through the data is a least regression line that resulted in a geothermal gradient of
44 degC/km.  The horizontal lines are the depth that overpressured fluids are known to





















Fig. 5.14.  Salinity versus depth for the Mahakam basin, southeast Asia. The  dashed  line is
seawater salinity and the horizontal lines are  the depths at  which  overpressured  fluids are
known to exist. The data are from Bazin and Brosse (1997).
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5.2.6. San Joaquin Basin, California
The San Joaquin basin is located at the southern end of the Great Valley of California
(Fig. 5.15).  The Great Valley is a symmetrical trough filled with upper Mesozoic and
Cenozoic sediments (Bartrow, 1991).  The Great Valley formed as a result of tectonic changes
from a convergent boundary margin to a transform margin during the Cenozoic.  The
sedimentary record of the Cenozoic establishes depositional changes from longer duration
sequences to shorter-lived sequences (Bartrow, 1991).  The maximum sediment fill is more
than 6700 m (Fisher and Boles, 1990).  The oldest sediments of the San Joaquin basin are
early Tertiary shallow marine sands and silts (Feldman, 1993).  The younger sediments are
Miocene and younger, shallow to non-marine sediments (Feldman, 1993).  Changes in
depositional environment resulted in a transition from marine deposition to one whose
provenance is continental (Bartrow, 1991).  Thus, the formation fluids have progressively
changed from initially marine to the present day fluids dominated by meteoric waters
(Bartrow, 1991; Feldman et al., 1992).
Temperatures from the San Joaquin Valley range from 25ºC to 165ºC at depths
between 0.5 km and 4.2 km (Fig. 5.16).  A linear regression line through the data points yields
a geothermal gradient of 39 °C/km.  There are several temperatures that have substantial
scatter, and two temperatures that are anomalous.  Temperatures at depths greater than 3.5 km
deviate from the calculated gradient line.
Overpressured fluids have been reported in parts of the San Joaquin basin.  However,
the area of interest has no reports of overpressured fluids present (Bradley and Powley, 1994).
Salinities in the San Joaquin Valley range from less than 1 g/l to 39 g/l at depths
between 0.5 km and 4.2 km (Fig. 5.17).  A general increase in salinity occurs as depth
increases, while highly variable salinities occur depths greater than 3.5 km.  Only a few
salinity values were at or greater than sea water salinity.
5.2.7. North Sea, Norwegian Shelf
The North Sea data are from the Norwegian Shelf (Fig. 5.18).  The area was subject to
extensional tectonics during the Late Jurassic and then slow subsidence until the present
(Teige et al., 1999).   Two reservoirs of interest in this study are a chalk and a clastic reservoir
of Mesozoic age.  Sedimentary units associated with the reservoirs are dominated by shale and
overpressured fluids (Osborne and Swarbrick, 1998; Teige et al., 1999).  Evaporite and
shallow marine facies of Permian age are present throughout the region (Egeberg and
Aagaard, 1989).
Temperatures for the North Sea range from 50ºC to 175ºC at depths between 1.5 km
and 4.5 km (Fig. 5.19).  A linear regression line through the data yields a geothermal gradient
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Fig. 5.16.  Temperature versus depth for  the San Joaquin data.  The solid line represents a




















Fig. 5.17.  Salinity versus depth for the San Joaquin Basin.  The dashed line represents seawater
salinity.  Data from Fisher and Boles (1990).
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Fig. 5.18. Location of North Sea study area (from Egeberg and  Aagaard, 1989). The stippled
area shows the distribution of Permian evaporaites. Latitude (N) and longitude are shown
along the margins.
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fluid transition.  An atypically high temperature occurs at a depth of approximately 1.5km.
Deep fluids of the North Sea basin are commonly characterized by the presence of
overpressured fluids (Powley, 1990; Hunt, 1990; Swarbrick et al., 2000; Yardley and
Swarbrick, 2000).  The top of the overpressured fluids is at a depth of about 3.3 km (Hunt,
1990).  Hunt (1990) describes the overpressure seal to be horizontal with calcite and silica
mineralization cutting across stratigraphy and structure.  Osborne and Swarbrick (1998)
attribute the overpressured fluids to disequilibrium compaction.  The seal occurs in
Cretaceous shale, limestone, and sandstone (Syrowski, 2001).
Salinities for the North Sea range from 19 g/l to more than 200 g/l at depths ranging
from 1.5 km to 4.5 km (Fig. 5.20).  Maximum salinities generally increase with depth, while
salinity variability greatly increases at depths below the overpressure transition.  At all depths,
there are salinities below sea water, although extensive salt dissolution is known to be
occurring in the region.
5.3. Compositional Systematics
5.3.1. Cation Composition
Major cations were averaged on the basis of mass in mg/l for each basin and as a
worldwide group.  On the basis of mass, Na makes up on average more than 75% of cation
composition in each of the global basins except the Texas Gulf Coast (Fig. 5.21).  In the Texas
Gulf Coast basin Na is still the most abundant cation making up 58% of cation composition.
In the Colville, Pattani, and Mahakam basins Na makes up more than 92% of cation
composition.  Ca is the second most abundant cation in terms of mass for the global waters,
except in the Mahakam where K is slightly more.  Ca mass proportions are as high as 37% for
the Texas Gulf Coast, 21% for the San Joaquin basin, 11% for the North Sea and Paris basins,
and = 5% for the remaining basins.  K abundances are less than 4% for all global basins.  The
remaining cations, Mg and Sr, have proportional masses of = 3%.  Overall, the rank of cation
proportions globally, in terms of mass, is Na > Ca > (K, Sr, Mg) (Fig. 5.22).
5.3.2. Cations as a Function of Depth
Na concentrations typically reach maximum values that are comparable to the Na
value for sea water (Fig. 5.23).  Only the North Sea and Texas Gulf Coast have values that
commonly exceed sea water.  Only in the Pattani basin does Na not approach the sea water
value.  With the exception of the surface sample from the Colville basin, Na variability within
each basin is less than two orders of magnitude.  K concentrations commonly exceed sea
water value in two of the global basins: North Sea and Texas Gulf Coast (Fig. 5.24).  K is




















Fig. 5.19.  Temperature as a function of depth for the North Sea.  The solid  line represents a
linear regression that resulted in a geothermal gradient of 37 degC/km.  The horizontal  line  is





















Fig. 5.20.  Salinity as a function of depth for the North Sea.  The dashed line is seawater
salinity and the horizontal line is the depth at which overpressured fluids occur.  Data from






















Fig. 5.21.  Cation mass abundances in basinal waters for each global basin.  The calculated
relative proportions are in terms of mass.  The source of the data is cited in the  text.
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Fig. 5.22.  Average global cation proportions for basinal waters in terms of mass.





































































Fig. 5.23.  Sodium as a function of depth for the global data.  The dashed line represents the
seawater  value  of  sodium.  Horizontal  lines, when present, are the depths below which






















































Fig. 5.23.  continued
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orders of magnitude, but is usually less than two within a single basin.
The North Sea, Paris, South Texas, and San Joaquin basins have Ca values that exceed
sea water value (Fig. 5.25).  Of interest is the San Joaquin basin that has very low salinities,
while the South Texas and North Sea basins have very high salinities with comparable Ca
concentrations.  The North Sea and San Joaquin basins are the only two basins that maximum
Ca concentrations increase with depth.  Other locations either cluster or have high variability
at various depths.   Concentrations of Ca within a single basin can exceed three orders of
magnitude.  Mg values do not exceed the sea water value excluding a few samples from the
North Sea and Texas Gulf Coast (Fig. 5.26).  Mg variability is typically high and ranges from
one to three orders of magnitude.
5.3.3. Cations as a Function of Chloride
Plots of Na as a function of Cl result in linear relationship with 1:1 slopes at
concentrations of Cl greater than 103 mg/l (Fig. 5.27).  Below that concentration, Cl
concentrations increase with respect to Na.  K also plots along a linear 1:1 slope, but tends to
have a clouded, cluster distribution (Fig. 5.28).  At Cl values of 104 mg/l, variability of K/Cl
becomes present.  Ca versus Cl plots are typically a linear 2:1 slope (Fig. 5.29).  Similar to
Na, this relationship exists for Cl values greater than 103 mg/l.  Below that values, Cl values
proportionally with respect to Ca.  Mg clusters around a 2:1 slope with respect to Cl (Fig.
5.30).  This relationship occurs at higher Cl values, but progressively scatters as Cl values
decrease.  Cation ratios with respect to Cl have systematic relationships that begin to decline
at Cl values between 103 and 104 mg/l.
5.3.4. Major Cations as a Function of Total Anionic Charge
Na is by far the greatest cation contributor to cationic charge (Fig. 5.31).  Monovalent
Na plots linearly along a 1:1 slope with respect to total anionic charge.  The other monovalent
cation, K, typically clusters, but still plots linearly along a 1:1 slope (Fig. 5.32).  The divalent
cations Ca (Fig. 5.33) and Mg (Fig. 5.34) follow closely to a 2:1 slope with respect to total
anionic charge.  Cations have less scatter with respect to total anionic charge than when
plotted as a function of Cl.
5.3.5. pH
Globally, there is no clear relationship between pH and depth (Fig. 5.35).  Values
between 6 and 9 are present at all depths and are frequently less than 6 at depths greater than
1.5 km.  When pH is compared to salinity, there is a tendency for pH to decrease with
increasing salinity (Fig. 5.36).  This relationship has been observed in other sedimentary









































































Fig. 5.24.  Potassium as a function of depth for the global data.  The dashed line represents
the seawater value of sodium.  Horizontal lines, when present, are the depths below which




































































































































Fig. 5.25.  Calcium as a function of depth for the global  data.  The dashed line represents the
seawater value of sodium.  Horizontal lines, when present, are the depths below which
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Fig. 5.26.  Magnesium as a function of depth for the global data.  The dashed line represents
the seawater value of sodium. Horizontal lines, when present, are the depths below which
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Fig. 5.27.  Sodium as a function of
chloride for the global data. The solid
line represents a 1:1 slope.
Fig. 5.28.  Potassium as a function of
chloride for the global data.  The solid
line represents a 1:1 slope.
Fig. 5.29. Calcium as a function of
chloride for the global data.  The solid
line representsa 1:1 slope.
Fig. 5.30.  Magnesium as a function of
chloride for the  global  data.  The solid
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Fig. 5.31. Sodium as a function of charge
for  the global data.  The solid line represents
a 1:1 slope.
Fig. 5.32.  Potassium  as a function of
charge for  the global data.  The solid line
represents a 1:1 slope.
Fig. 5.33. Calcium as a function of charge
for the global data. The solid line represents
a 1:1 slope.
Fig. 5.34.   Magnesium  as a function of
charge for the  global  data.  The solid line































Fig. 5.36.  pH as a function of salinity for the global data.
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5.3.6. Major Anionic Abundance
With the exception of the Pattani basin, Cl is the most abundant anion in global basins
with proportions greater than 88% in terms of mass (Fig. 5.37).  In the Pattani basin, Cl is
second and makes up only 14% of the anions, while HCO3 makes up 63% of the anionic
mass.  HCO3 is the second most abundant anion except in the Paris, Pattani, and Mahakam
basins.  In the Pattani and Mahakam basins SO4 is the second most abundant anion with
respect to mass.  The average overall rank of anionic abundance in terms of mass is: Cl >
HCO3 > acetate > SO4 (Fig. 5.38).
5.3.7. Major Anions versus Total Anionic Charge
Cl makes up the bulk of total anionic charge in most of the global basins (Fig. 5.39).  It
plots along a 1:1 slope at higher total anionic charge values.  At lower total anionic charges,
Cl does not plot on the 1:1 slope and contributes less to the charge.  HCO3 and SO4
equivalents cluster with no particular systematics as a function of total anionic charge.
Acetate equivalents generally decrease as total anionic charge increase.
5.3.8. Dissolved Silica
Silica concentrations plot in two groups with respect to depth (Fig. 5.40).  The group
of low silica concentrations is from the Mahakam basin.  In both groups, concentrations of
silica as have a tendency to increase as depth increases.  When silica is plotted as a function of
temperature, silica concentrations increase as temperature increases (Fig. 5.41).  The
Mahakam basin again plots lower at higher temperatures with respect to the other basins.
Most of the Paris basin waters are at equilibrium with amorphous silica.  The South Texas and
some of the San Joaquin waters are at equilibrium with quartz.  The remaining basins are
undersaturated with respect to quartz.
5.3.9. Br/Cl Relationships
Figure 5.42 shows Br and Cl values for those basins with appropriate data, as well as a
line representing Br and Cl values for evaporated sea water.  The Colville, North Sea, Paris,
and Pattani basins plot subparallel to and above the sea water evaporation line, which is
indicative of the mixing of different fluid compositions or subaerial evaporation of sea water.
The San Joaquin basin has Br and Cl values well above the sea water evaporation line also
suggesting fluid mixing or subaerial evaporation of sea water.  The Texas Gulf Coast Br
versus Cl values plot above and below the sea water evaporation line.  Most of the data plots
for the Texas Gulf Coast are well below sea water evaporation indicative of halite dissolution.
5.3.10. D-O Systematics
The del18O values for the global data increase with depth (Fig. 5.43).  The lightest



















Fig. 5.37.  Anion mass abundances in basinal waters for each global basin.  The calculated
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Fig. 5.38.  Average global anions proportions for basinal waters in terms of
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Fig. 5.39.  Anions as a function of total anionic charge.  The solid line in the chloride plot




















Fig. 5.40.  SiO 2 as a function of depth for the global basins.  The dashed line represents
























Fig. 5.41.  SiO 2 as a function of temperature for the  global  basins.  The  plot  includes solubilities
of amorphous silica and quartz (Hutcheon, 2001)  The dashed line represents





































































































Fig. 5.42.  Bromine and chloride ratios for the global basins.  The solid line represents




















Fig. 5.43.  Relationship between depth and del18O. Sources of data are cited in text.
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meteoric waters.  As depth increases, del18O increases are most likely as a result of exchange
with the heavier del 18O of the host sediments.  However, del18O variability within a single
basin can be great within a reasonably narrow depth range.
Figure 5.44 shows delD as a function of del18O, as well as the meteoric water line and
SMOW value.  At lower del18O and delD values, data typically plots along the meteoric
water line.  The lowest values are from the surface waters of the Colville basin and the Pattani
basin that is largely influenced by meteoric waters.  As both values increase, oxygen becomes
heavier at a faster rate than deuterium.  Again, this is most likely the result of oxygen
exchanging more readily with oxygen in silicate phases in the host sediments.
Least squares regression lines through del18O and dD values result in differences
between individual basins (Fig. 5.45).  The least squares regression line for Texas Gulf Coast
and North Sea result in a zero slope and a negative slope, respectively, and intersect the
meteoric water line at higher angles than the other basins of this study.  The Colville, Pattani,
and San Joaquin basins have formation fluids known to be influenced by meteoric waters and
intersect the meteoric water line at lower angles.  All of the basins plot del18O as heavier and
away from the meteoric water line.  The higher angles might represent greater diagenetic
exchange with host sediments in the Texas Gulf Coast and North Sea basins.
5.4. Phase diagrams
Globally, there are not significant differences in mineral stability with respect to
basinal waters (Figs. 5.46-5.49).  Kaolinite, illite, muscovite, and chlorite are the stable
silicate mineral phases predominately present.  The only basin that is different is the Pattani,
where chlorite is not stable.  Boehmite, polymorph of AlOOH, is a stable mineral phase in all
of the global basins.  With respect to carbonates, dolomite is the most stable phase, while
many waters plot on or near dolomite/calcite equilibrium.  Only the San Joaquin basin has





















Fig. 5.44.  Relationship between delD and del18O values.  The solid line represents the




























































































Fig. 5.45.  Oxygen and hydrogen isotopes ratios for various basins.  Each figure includes the
meteroic water line, a least regression line thorugh the data points,  the  isotope  value  for
SMOW, and the approximate values where the least regression line intersects the meteoric
water line.   The  numbers  in  the  box  are the approximate values that the least squares
regression line intersects the meteoric water line.  The open circle along  the  meteoric  water






















Fig. 5.46.  Phase diagram using K, H, and H4SiO4 for silicates and an aluminum oxide,
boehmite for each of the global basins.   Diagram is calulated at  150 degC  and 330 bars




























Fig. 5.47.  Phase diagram using Na, K,  and temperature for common basinal silicates





























































The preceding chapters presented fluid data from individual basins, to establish the
chemical compositions of low-salinity formation waters on a global basis.  This information
will be used in the following discussion to compare fluid compositions worldwide and
identify contrasts and similarities.  In addition, an effort will be made to answer the questions
proposed in the introduction with what has been learned in this study.
6.1. Fluid Composition
The fluid compositions compared in the following discussion comprise those variables
presented earlier in water analyses.  Major cations, anions, isotopes, salinities, thermal
gradients, and pH will be compared to distinguish similarities and differences between the
different basins.
6.1.1. Salinity
The salinity of deep basinal waters as documented in the preceding chapters of this
thesis is highly variable, ranging from fresh water to brines (Figs. 3.14, 3.15, 4.4, 5.3, 5.4, 5.8,
5.11, 5.14, 5.17, 5.20, 5.23).  Salinity, as well as overall fluid composition, is affected by the
origin of the connate fluids, the provenance of the host sediments, advection and dispersion,
burial diagenesis, and temperature-dependent reaction rates.  The range in salinities in
southwest Louisiana is similar to those in the North Sea and Texas Gulf Coast.  In these three
basins, salinities commonly exceed 100 g/l.  These high salinities are mostly the result of salt
dissolution active in the basins (Land and Macpherson, 1992; Land, 1995; Egeberg and
Aagaard, 1989; Hanor, 1984).  Maximum salinities along the Texas Gulf Coast and the North
Sea generally increase with depth, which stands in contrast to southwest Louisiana where
maximum salinities decrease with depth below overpressure.  This relation has been noted
previously (Hanor, 1994a), although the origin of the low salinity waters in southwest
Louisiana is yet to be identified.
An important characteristic present in all the sedimentary basins evaluated as part of
this study is the variability in salinity present at all depths, including those salinities at similar
depth intervals.  Variability in solute concentrations can be up to five orders of magnitude
where salt is present and four orders of magnitude when not present.  Considering these
variabilities, it can be assumed that fluid chemistry in sedimentary basins experience local
physical and chemical modifications that dramatically influence fluid compositions.
Additionally, the vertical and lateral variability of salinity likely is the result of changing
facies distribution.  The presence of clays and muds could have a profound effect on local
fluid compositions.
The focus of this study is low salinity fluids.  In basins where no evidence for salt
dissolution exists, low salinity waters are more common than those exceeding sea water
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salinity.  For those basins that are no longer subjected to burial and in which subaerial erosion
is taking place, it is should be considered intuitive that salinity might increase with depth.
This conclusion is based on the assumption that dilution occurs at shallower depths in porous
sediments that permit infiltration of meteoric groundwater.  This has been documented in
basins such as the Colville, Paris, San Joaquin, and Mahakam basins (Kharaka and Carothers,
1988; Michard and Bastide, 1988; Fisher and Boles, 1990; Bazin et al., 1997).  However,
waters from southwest Louisiana, Texas Gulf Coast, and the North Sea have salinities that are
frequently below sea water salinity, especially at depths greater than 2500 m where dilution by
fresh groundwater is unlikely to have occurred.  In addition, low salinity waters have not been
normally observed above that depth.  Potential reasons for why these low salinity waters are
present at great depths will be discussed later in this chapter.
6.1.2. Geothermal Gradients
Important things to note about geothermal gradients are the similar slopes between
basins and that on average, geothermal gradients are near 30°C/km, which has been assumed
in this study for southwest Louisiana (Fig. 6.1).  Only geothermal gradients from the Pattani
basin and Point Coupee significantly deviate from other basins.  Pattani basin temperatures
are elevated and the geothermal gradient is approximately 32°C/km.  These increased
temperatures have been attributed to crustal thinning in the Gulf of Thailand region (Hellinger
and Sclater, 1984).  Point Coupee has lower temperatures, but at depths greater than 5500 m
the geothermal gradient is calculated over 100°C/km.  This gradient is high, but overpressures
probably contribute to the high geothermal gradient.  There are some reported temperatures
from the North Sea that lower than the calculated geothermal gradient (Fig. 5.22).
6.1.3. pH
Most pH values for southwest Louisiana, excluding two water samples, range from 3-
10 (Figs. 3.30 and 3.31).  The global data range from 5-9 (Figs. 4.7 and 5.38).  There is no
systematic correlation between pH and depth for either the Louisiana or global data.
However, maximum pH decreases with increasing salinity for all the basins (Fig. 3.32, 4.8,
5.39).  This general relation has been observed by Hanor (1994b), where pH in moderately
saline waters are typically between 7-9 and decrease to 3-4 in highly saline waters.  The
salinity range from that study was approximately 600 mg/l to 50,000 mg/l.  What is different
here from the Hanor (1994b) study is the range of pH for waters with salinities less than
20,000 mg/l.  At low salinities, pH values for southwest Louisiana range from 4-9, and the
global range is 5-9.  The pHs reported here are highly variable for low salinity waters.
Variations in pH for moderate to high salinity waters concur with previous work by Hanor
(1994b).  In addition, pH for southwest Louisiana waters is variable and range from 3-12

























Fig.  6.1.  Worldwide temperatures as a function of  depth.  The southwest  Louisiana
temperature  gradient  of  30 degC/km  is  based  on  well  data  from  Bebout and Gutierrez
(1982).  Other temperature data are cited in text.
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6.2. Globally, are there any Significant Differences in Relative Proportions of Solutes
between Low Salinity Waters and Basinal Brines?
The overall proportional rank of major cations in terms of mass in saline waters
worldwide is Na > Ca > K > Sr > Mg (Fig. 6.2).  There are no significant proportional
differences of K, Mg, and Sr between low and high salinity waters in these data.  The cations
with significant proportional changes are Na and Ca.  In high salinity waters, Ca more than
doubles proportionally compared to low salinity waters.  Conversely, Na loses approximately
what Ca gains.  This is a characteristic previously identified by Hanor (2001).  In his study, Na
contributes the most to cationic charge in solution at low chlorinities, which is generally
analogous with salinity.  However, as Cl increases, Ca progressively makes up more of the
charge increasing 2:1 with Cl, while Na increases 1:1 with Cl (Fig. 6.3).  This relationship has
been used as a line of evidence for the fluids being rock-buffered (Hanor, 2001).
Ca makes up significantly more of the cationic proportions in high salinity waters in
most of the individual basins.  Only southwest Louisiana does not follow the worldwide trend
discussed above (Fig. 6.4).  In the waters of southwest Louisiana, the proportion of Ca in low
salinity waters are greater than the proportion in high salinity waters.  In southwest Louisiana,
Ca makes up 16% by mass of low salinity waters, while it makes up only 7% of high salinity
waters.  A first-order guess as to why this occurs might lead to the conclusion that Na
increases significantly as a result of salt dissolution.  However, the presence of salt is known
to be present in along the Texas Gulf Coast, and Ca increases proportionally in high salinity
waters (Land, 1995).
The proportional anionic rank in saline waters in terms of mass is Cl > HCO3 >
Acetate > SO4 (Fig. 6.5).  Cl makes up more than 95% of the anionic mass in high salinity
waters.  Cl proportions are significantly lower in low salinity waters, but on average still make
up more than 75% of the anions.  However, SO4, HCO3, and acetate show major proportional
increases in low salinity waters.  Waters with salinities less than 10,000 mg/l are sometimes
dominated by HCO3 or acetate.  This is the case of the Pattani basin, where HCO3 makes up
more than 63% of the anionic mass and acetate makes up 22% in low salinity waters (Fig.
6.6).
6.3. Globally, is there a Compositional Continuum among Ions from High Salinity to
Low Salinity Fluids?
The following compares cations and anions versus salinity and total anionic charge.
















High Salinity Waters (>35 g/l)
Fig. 6.2.  Average global proportions of major cations in terms of mass (mg/l) according to
low and high salinity waters.
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Fig. 6.3.  Concentrations of Na and Ca as a function of chloride in eq/l. At lower salinties, Na
contributes the most to cationic charge.   As chlorinities increase, Ca  increases progressively












SW Louisiana Cation Average
Low Salinity Waters (<35 g/l)
SW Louisiana Cation Average
High Salinity Waters (>35 g/l)
Fig. 6.4.  Southwest Louisiana cation proportions in terms of mass (mg/l) according to











Low Salinity Waters (<35 g/l)
Global Anion Average
High Salinity Waters (>35 g/l)
Fig. 6.5.  Average global proportions of anions in terms of mass (mg/l) according to
low and high salinity waters.
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6.3.1. Cations versus Salinity
Log-log plots of major monovalent cations versus salinity document systematic
increases as salinity increases.  Globally, both Na and K increase 1:1 with increasing salinity.
At salinities less than sea water, Na is slightly variable for southwest Louisiana and Mahakam
basins, but plot parallel to this general slope  (Fig. 6.7).  The range of Na concentrations is
less than one order of magnitude.  The worldwide range of Na, with the exception of two low
concentrations, is from ~100 mg/l to over 100,000 mg/l.  K as a function of salinity plotted on
log-log plots cluster around a 1:1 slope at salinities above and below sea water (Fig. 6.8).
Excluding one anomalous data point, K variability in the Texas and Louisiana Gulf Coast
approach two orders of magnitude at similar salinities.  In the global data, the K range at a
given salinity is less than an order of magnitude for waters with greater than sea water salinity,
while waters with salinities less than sea water exceed two orders of magnitude.  The
worldwide range of K concentrations is from ~1 mg/l to 10,000 mg/l.
Log-log plots of major divalent cations generally plot along a 2:1 slope with respect to
salinity worldwide.  With the exception of southwest Louisiana and Mahakam basin, Ca plots
near 2:1 slope for salinities greater than sea water and the concentration range seldom exceeds
one order of magnitude  (Fig. 6.9).  Southwest Louisiana variability exceeds three orders of
magnitude for salinities greater than sea water, while Ca concentrations stay relatively
constant at salinities less than 104 mg/l.  At salinities less than 104 mg/l, Ca concentrations
span one order of magnitude, but do not decrease with proportionally with salinity.  In the
Mahakam basin, Ca plots variably in waters below 104 mg/l TDS.  Worldwide, Ca
concentrations in basinal fluids range from ~1mg/l to 100,000 mg/l.  Mg generally plots along
a 2:1 slope for salinities greater than sea water  (Fig. 6.10).  Two Mg concentrations from
southwest Louisiana are anomalous and do not follow the general trend.  For salinities below
sea water, Mg concentrations are within one order of magnitude and do not decrease
proportionally with salinity.  Mg and salinity follow a 2:1 trend in global waters more saline
than sea water.  Below sea water salinity, significant scatter is present in most data sets.  The
worldwide range of Mg concentrations is <1 mg/l to ~3200 mg/l.
6.3.2. Anions versus Salinity
Cl as a function of salinity has a strong 1:1 relationship for southwest Louisiana, Point
Coupee, and the Texas Gulf Coast above and below sea water salinity (Fig. 6.11).  For the
global data, Cl and salinity correlations are 1:1 above salinities of 104 mg/l.  Below salinities
of 104 mg/l, Cl variability approaches two orders of magnitude.  Br as a function of salinity
for the global data is generally 1:1, with slight deviation at salinities less than sea water (Fig.
6.12).  Southwest Louisiana Br concentrations have a poor correlation as a function of salinity.
SO4 as a function of salinity has no systematic relationship (Fig. 6.13).  This is true for
salinities both above and below sea water.  The range of SO4 concentrations between the
Texas and Louisiana Gulf Coast and the global basins is similar, between ~1 mg/l to 10,000
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Fig. 6.7.  Log-log plots of sodium as a function of salinity worldwide.  The dashed line
represents seawater salinity.




























































































Fig. 6.10.  Log-log plots of magnesium as a function of salinity worldwide.  The dashed









































































































































Fig. 6.12.  Log-log plots of bromine as a function of salinity worldwide.  The dashed
line represents seawater salinity.
Fig.6.13.  Log-log plots for sulfate as a function of salinity worldwide.  The dashed
linerepresents seawater salinity.
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HCO3 concentrations have systematic relationships with respect to values of salinity
above and below sea water (Fig. 6.15).  At salinities greater than sea water, the relationship is
–1:1, with HCO3 decreasing as salinity increases.  This relationship exists for all data at
salinities slightly less and greater than sea water salinity.  Below salinities of 104 mg/l, the
relationship between HCO3 and salinity becomes 1:1.
6.3.3. Cations versus Total Anionic Charge
Monovalent cations worldwide plot clearly along a 1:1 slope with respect to total
anionic charge in log-log plots (Fig. 3.22, 4.13, 5.34, 5.35).  Na plots 1:1 with very little
variation at all charges, with the exception of a few data points.  K displays some variability
and has a tendency to cluster around a 1:1 slope instead of plotting along a single line.
Divalent cations have greater variability as a function of total anionic charge, but plot in close
proximity to 2:1 slopes in log-log plots (Figs. 3.23, 4.13, 5.36, 5.37).  The correlation is better
for Ca than for Mg, and variability increases at lower charges for both.  As a whole,
monovalent cations show better correlation than divalent cations.  Cations have clearer
systematic behavior as a function of total anionic charge, especially at low charges.
6.3.4. Anions versus Total Anionic Charge
Cl is the most abundant anion present in basinal waters on a worldwide basis.  In the
basins considered in this study, only the Pattani basin has another anion that is more abundant,
HCO3.  As a result, Cl is the greatest contributor to anionic charge and plots along a 1:1 slope
for higher total anionic charge in log-log plots (Fig. 3.27, 4.15, 5.42).  However, at lower total
anionic charge, other anions begin to play more important roles as charge contributors.  Of
interest, in southwest Louisiana SO4 plots along a 2:1 slope (Fig. 3.28).  Some of the global
data included acetate, a carboxylic acid anion.  With respect to total anionic charge, acetate
plots linearly (Fig. 5.42).  Globally, with the exception of Cl, variability among anions is
much greater than the major cations with respect to charge and salinity.
6.3.5. Summary
In general, with the exception of Cl, variations in cation concentrations as a function
of salinity and total anionic charge are consistently more systematic than anions.  Cation
concentrations as a function of salinity typically have better correlation in waters with
salinities above sea water, although many basins have good systematic behavior at lower
salinities.  Cations have better systematic correlations as a function of total anionic charge
than when plotted against salinity.  This is true even when plotted against waters of lower total
anionic charge, which would be synonymous with lower salinities. Anions and total anionic
charge have a great deviation when compared to cations as a function of salinity.  The
exception is Cl, which has very good correlation at higher salinities and charges.  All other



















































Fig. 6.14.  Log-log plots for bicarbonate as a function of salinity worldwide.  The dashed













































Fig. 6.15.  Log-log plots for acetate as a function of salinity worldwide.  The dashed line
represents seawater salinity.
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6.4. Is there Evidence that the Composition of Low Salinity Waters is Buffered by
Metastable Equilibrium in Southwest Louisiana?
Three techniques can be used to determine whether the low salinity basinal waters of
southwest Louisiana are buffered by mineral equilibria: 1) plotting cation concentrations
versus salinity on a linear plot, 2) using activity calculations, and 3) calculating the solubility
of carbonates and silica.
6.4.1. Cations versus Salinity
Thermodynamic buffering by multiphase mineral assemblages is a first order control
on subsurface fluids (Lundegard and Trevena, 1990; Land and Macpherson, 1992; Hanor,
1994; Land, 1995; Bazin et al., 1997; Hutcheon, 2001).  Hanor also concluded that systematic
increases in major cations with decreasing pH and alkalinity coupled with increasing salinity
support the buffering hypothesis.  When fluids of different compositions are mixed
conservatively, mixing should result in a linear relationship with intermediate compositions
between the two end members (Hanor, 2001).  As fluids begin to react with the ambient
minerals, fluid compositions attempt to reach equilibrium.  These reactions change the
composition line from a linear relationship to a curve in an attempt to achieve equilibrium,
causing reactive changes in fluids composition (Fig. 6.16).
Na concentrations from basinal waters of southwest Louisiana and Point Coupee
increase proportionally as a function of salinity  (Fig. 6.17).  The relationship is linear and has
very little variability at low or high salinities.  Least regression lines plotted through the low
salinity waters for southwest Louisiana and Point Coupee result in negligible differences.  K
as a function of salinity does not result in a linear relationship for the southwest Louisiana
waters  (Fig. 6.18).  K and salinity of the low salinity waters in Point Coupee plot linearly,
while southwest Louisiana waters plots concave up.  This would indicate that the waters of
southwest Louisiana and Point Coupee behave differently.  The changes in K concentrations
in Point Coupee fluids can be explained by simple mixing.  This is in contrast to K in
southwest Louisiana waters that have a propensity to increase rapidly at a salinity of 20,000
mg/l.  With the exception of one high K concentration, ~850 mg/l, K reaches maximum
concentrations at salinities approximately 20,000 mg/l.
At low salinities, neither southwest Louisiana nor Point Coupee Parish Ca
concentrations have a clear relationship to salinity  (Fig. 6.19).  A least squares regression line
through the southwest Louisiana data results in a slightly concave up position.  This can be
clearly seen when observing the high salinity waters.  Mg in low salinity water is more
variable than Ca  (Fig. 6.20).  At salinities of approximately 17,500 mg/l, Mg concentrations
begin to increase rapidly.  The Point Coupee data are less variable and the plots are nearly
linear.  In high salinity waters, Mg increases proportionally faster than salinity.
Cl behaves conservatively and as a function of salinity and plots linearly for most
154
Fig. 6.16.  Plot represents a hypothetical system of two rock-buffered fluids (A  and B).
When mixing initially occurs, a conservative mixing line is produced (dashed line).  As fluids
begin to react with ambient mineral  phases, a fluid composition represented by the solid line







































Fig. 6.17.  Sodium as a function of salinity for salinities <35 g/l (left plot) and >35 g/l (right
plot) for southwest Louisiana and Point Coupee Parish, Louisiana.  The thick  solid  line represents





































Fig. 6.18. Potassium as a function of salinity for salinities <35 g/l (left plot) and >35 g/l
(right plot) for southwest Louisiana and Point Coupee Parish, Louisiana.  The thick  solid
line represents a least squares regression for southwest Louisiana. The thin  dashed line is a







































Fig. 6.19.   Calcium as  a  function of salinity for salinities <35 g/l  (left  plot)  and >35 g/l
(right plot) for southwest Louisiana and Point Coupee Parish, Louisiana.  The thick solid line
represents a least squares  regression  for  southwest  ouisiana.  The thin dashed line is a least
regression for Point Coupee.
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waters  (Fig. 6.21).  The correlation is very good when the full range of salinities is used, and
slight variability is present when low salinity fluids are isolated.  At low salinities, Point
Coupee and southwest Louisiana have slight differences that are probably negligible.  Br is
also conservative, but plots differently for southwest Louisiana and Point Coupee data.  In
Point Coupee waters, Br plots linearly with respect to salinity  (Fig. 6.22).  In southwest
Louisiana, Br concentrations become variable at salinities greater than 20,000 mg/l.  In high
salinity waters, Br is considerably variable.  The variability could be the result of Br released
into solution during halite recrystallization.
SO4 and HCO3 have similar relationships with respect to salinity (Fig. 6.23 and 6.24).
Point Coupee concentrations plot linearly with respect to salinity for both anions.  SO4 and
HCO3 have considerable variability and begin to show rapid increases in concentrations at
salinities greater than 15,000 mg/l.  Of interest is that both anions increase to maximum
concentrations near sea water salinity and then decrease at progressively higher salinities.
Silica concentrations for Point Coupee are more variable than southwest Louisiana at
low salinities (Fig. 6.25).  In fact, least regression lines through both data sets result in a
concave up relationship for southwest Louisiana and a concave down for Point Coupee.
Maximum silica concentrations for both occur at approximately 23,500 mg/l salinity.
Maximum salinity concentrations decrease at salinities greater than 23,500 mg/l.  At common
salinities, Point Coupee silica concentrations are much higher than those of southwest
Louisiana.  Silica concentrations from both Point Coupee and southwest Louisiana are mostly
undersaturated with respect to quartz, although some waters are at quartz equilibrium (Fig.
6.26).
6.4.2. Phase Diagrams
The Bazin et al. (1994) phase diagram was calculated by them using the activities of
K, H, and H4SiO4.  The diagram plots mineral phase stability fields for boehmite, an
aluminum oxyhydroxide, muscovite, K-feldspar, kaolinite, and pyrophyllite (Fig. 6.27).  In
this diagram muscovite serves as a proxy for illite, and pyrophyllite serves as a proxy for
smectite.  The data from southwest Louisiana broadly plot from the boehmite to muscovite
fields.  Point Coupee data plot mostly near the line representing muscovite and kaolinite
equilibrium.  Kaolinite is known to be present as a secondary pore-filling mineral in Point
Coupee (Weedman et al., 1992).  The plot suggests fluid buffering involving muscovite and
kaolinite in Point Coupee.  The fluids are undersaturated with respect to quartz in both
locations, except for one data point from Point Coupee.
The phase diagram from Hutcheon (2001) shows stability fields for metastable
reactions of smectite to illite including K-feldspar-smectite, albite-smectite, illite, and illite-
kaolinite (Fig. 6.28).  The southwest Louisiana and Point Coupee analyses plot in illite-
kaolinite and illite stability fields.  This is in general agreement with the Bazin et al. diagram,









































Fig. 6.20.  Magnesium as a function of salinity for salinities <35 g/l (left plot) and >35 g/l
(right plot) for southwest Louisiana and Point Coupee Parish, Louisiana.  The thick  solid  line
represents a least squares  regression  for  southwest  Louisiana.  The  thin  dashed line is a



































Fig. 6.21.  Chloride as a function of salinity for salinities <35 g/l  (left  plot)  and  >35 g/l
(right plot) for southwest Louisiana and Point Coupee Parish, Louisiana.  The thick solid
line represents a least squares  regression  for  southwest  Louisiana. The thin dashed line is
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Fig. 6.22.   Bromine  as  a  function of salinity for salinities <35 g/l (left  plot) and >35 g/
l (right plot) for southwest Louisiana and Point Coupee Parish, Louisiana.  The thick
solid line represents a least squares  regression for southwest  Louisiana. The thin dashed






















































































Fig. 6.23.  Sulfate  as  a  function of salinity for salinities <35 g/l (left plot) and >35 g/l
(right plot) for southwest Louisiana and Point Coupee Parish, Louisiana.  The thick solid
line represents a least squares  regression for southwest Louisiana.  The thin dashed line is
a least regression for Point Coupee.
Fig. 6.24.  Bicarbonate as a function of salinity for salinities <35 g/l (left plot) and >35 g/l
(right plot) for southwest Louisiana and Point Coupee Parish, Louisiana.  The thick solid
line represents a least squares regression for southwest Louisiana.   The thin dashed  line is



































































Fig .6.25.  Dissolved silica as a function of salinity for salinities <35 g/l  (left  plot) and >35
g/l (right plot) for southwest Louisiana and Point Coupee Parish, Louisiana.  The  thick  solid
line represents a least squares regression for southwest Louisiana.  The thin dashed line is a
least regression for Point Coupee.
Fig. 6.26.  Silica phase diagram from Hutcheon (2000) showing quartz and amorphous
silica equilibrium.
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Fig. 6.27.  Phase diagram from Bazin et al. (1997) showing various metastable mineral
phases. Grayfilled circles represent southwest Louisiana waters and the empty triangles
are waters from PointCoupee Parish, Louisiana.
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Carbonate and clay silicate phase diagrams were constructed from in Bowers et al.
(1984).  These diagrams were produced using activity ratios of Na, Ca, and Mg with respect
H.  The carbonate phase diagram shows the stability fields for mineral phases magnesite,
dolomite, and calcite (Fig. 6.29).  The waters from Point Coupee and southwest Louisiana plot
in a linear fashion.  Calcite and dolomite appear to be controlling the proportionality of aMg/
aH2 and aCa/aH2.  Several data points from southwest Louisiana plot in the calcite stability
field.  Ca/Mg activity ratios have been used before to suggest equilibrium and between calcite
and disordered dolomite in Texas Gulf Coast waters (Hyeong and Capuano, 2001).  In the
Hyeong and Capuano (2001) study, log(aCa/aMg) versus temperature plotted linearly with R2
values >0.90.  The plot of log(aCa/aMg) versus temperature for southwest Louisiana and
Point Coupee do not have R2 values as high as Hyeong and Capuano (2001), but generally
plot linearly, although with some scatter (Fig. 6.30).
The second Bowers et al. (1984) phase diagram includes stability fields for silicate
minerals kaolinite, smectite, albite, and chlorite (Fig. 6.31).  The data plot along a linear trend
from kaolinite to the chlorite stability fields. The Point Coupee data plot between chlorite and
smectite fields, suggesting these minerals could be buffering the fluid composition.  Of
interest, chlorite coatings are present on Point Coupee mineral grains (Weedman et al., 1992).
6.4.3. Saturation Indices
Most of the fluids from southwest Louisiana and Point Coupee are oversaturated
with respect to calcite and dolomite (Fig. 6.32).  Undersaturation with respect to calcite and
dolomite fluids occurs in fluids having salinities above and below sea water.  The saturation
calculations with respect to salinity cluster and have no particular trend.  Most of the fluids
from southwest Louisiana and Point Coupee are undersaturated with respect to the silica
minerals quartz and amorphous silica  (Fig. 6.33).  There is a trend of decreasing solubility
with increasing salinity.  This is best illustrated by Point Coupee silica solubility that plots
linearly with respect to salinity.  The southwest Louisiana silica saturation plots parallel to
Point Coupee with up to two orders of variability.
6.4.4. Summary
Southwest Louisiana cation and anion plots show that the changes in fluid
composition are probably not the result of simple fluid mixing.  Rather, compositions result in
plots more typical to reactive processes.  Fluid cation concentrations often plot linearly despite
the likelihood that sediment facies is variable.  Phase diagrams show a general agreement of
stabilities.  Kaolinite and illite appear to be stable and might be buffering fluid composition in
some waters, along with chlorite and smectite.  The presence of kaolinite and chlorite at Point
Coupee is confirmed by the work of Weedman et al. (1992).  Phase diagrams and solubility
calculations both show most of the fluids to be undersaturated with respect to quartz, while at
























Fig. 6.28.  Silicate  phase diagram from Hutcheon (2000) with various metastable reactions of











































Fig. 6.29.  Phase diagram at 150°C and 1kbar for carbonate minerals magnesite,
dolomite, and calcite (from Bowers et al., 1984).
Fig. 6.30   Ca/Mg activity ratios of water  samples  from  southwest  Louisiana and Poiint



























Fig. 6.31  Phase diagram at 150°C and 1 kbar for stability of various silicate













































Fig. 6.32.  Saturation Indices (SI) of calcite (left) and dolomite (right) with respect to salinity.
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Fig. 6.33.  Saturation Indices (SI) of quartz (left) and amorphous silica (right) with respect to
salinity.  The dashed line represents seawater salinity.  The solid line represents equilibrium.
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6.5. What are the Relations between Salinity, Temperature, and Overpressuring in
the Louisiana Gulf Coast?
It is common knowledge among those interested in overpressured fluids, that fluid
pressures exceeding hydrostatic pressure are pervasive along the Louisiana Gulf Coast.  There
are several mechanisms that have been proposed for the development of overpressured fluids
including: (1) disequilibrium compaction (Osborne and Swarbrick, 1998), (2) the smectite to
illite transition (Freed and Peacor, 1989), (3) silica and carbonate cementation (Tigert and Al-
Shaieb, 1990), (4) secondary compaction with subsequent mineral precipitation (Weedman et
al., 1992, 1996), and (5) aquathermal expansion (Daines, 1982).  There is ongoing debate
discussing the effectiveness of the different mechanisms (Osborne and Swarbrick, 1997; Alnes
and Lilburn, 1998; Teige et al., 1999).  The cause of overpressured fluids in southwest
Louisiana is not well understood, but is probably a combination of one or more of the
overpressure mechanisms mentioned above.  Overpressured fluids have been noted as being
of low salinity (Kharaka et al., 1977).  The goal here is not to determine the cause of the
overpressured fluids, but rather to compare the relationship between the occurrence of low
salinity waters and the depth of overpressured fluids.  In addition, temperature isotherms will
be compared to the location of low salinity waters and overpressure depths.
Six cross sections previously discussed in Chapter 3 display depth to the top of
overpressure, temperature, salinity, and stratigraphy are shown in Figure 3.18a-f.  The
locations of the wells along which the cross sections were made and the locations of the wells
with chemical analyses are also shown in Figure 3.17.  Three cross sections are oriented
north-south (A-A’, B-B’, and C-C’) and three are oriented west-east (D-D’, E-E’, and F-F’).
In addition, cross sections A-A’ and B-B’ are also presented with the depth that sediments
change from dominantly sands to dominantly shale and mud (Fig. 6.34 and 6.35).
The top of the overpressured fluids appears to correspond to the 100°C isotherm.  This
is a consistent relation in the north-south cross sections and two of the three west-east cross
sections.  Cross section F-F’ is the southern most line and the 100°C isotherm is consistently
higher than the top of overpressure.  This might be expected because north and south of the
study area, the top of overpressure begins to occur at greater depths (see Chapter 3 for
discussion).   The top of overpressure does not appear to correspond to the general change
from sandy sediments to shale.  In fact, from north to south the line of separation for sandy
and shale sediments becomes closer to the top of overpressure.
There are observations that can be made about the salinities using the cross sections
presented here.  Salinity has a high degree of local variability in all cross sections.  Salty
waters are present in both overpressured and hydropressured fluids.  Salty waters are also
present at all temperatures.  Many of the high salinity fluids are close to salt domes and are
likely the result of salt dissolution.  Although the cross sections include the presence of salt
near some brine waters,  others may also be influenced by salt out of the plane of the cross
































































































































































































































































































































































































































































































































































































































































































However, most of the low salinity fluids are near the top of the overpressured fluids and all
occur at depths greater than 2500 m.  In the southwest Louisiana data presented in this study,
low salinity fluids are restricted, with one or two exceptions, to temperatures between 80°C
and 150°C.  In addition, low salinity waters usually occur in shaly sediments.
6.6. Is it Possible, on Evidence of Chemical and Isotopic Information, to Deduce the
Origin of Low Salinity Waters in the Deeper Portions of the Southwest Louisiana
and other Sedimentary Basins, or are these Fluid Compositions Non-Unique?
6.6.1. Br/Cl Systematics
Br/Cl ratios in most of the basins included in this study are high relative to the Br/Cl
ratio for sea water, indicative of fluid mixing.  High Br/Cl ratios commonly plot linearly.
However, at very low salinities the Br/Cl ratio typically falls on the sea water line, except in
the Pattani and southeast Asia basins (Fig. 5.42).  This is of interest because the absence of
salt influence in these basins.  Additionally, basins in this study with high Br/Cl ratios
commonly fall along linear slopes.
Southwest Louisiana and Texas Gulf Coast waters mostly have low Br/Cl ratios.  High
Br/Cl ratios occur more often in South Texas than southwest Louisiana.  These low Br/Cl
ratios of the latter are indicative of halite dissolution, which is known to be active in both
areas.  South Texas Br/Cl ratios do fall on the sea water line at very low salinities.  The highly
variable Br/Cl ratios may reflect the extensive fluid dynamic systems of the Gulf Coast (Land
and Macpherson, 1992).  The dynamics that make the Gulf Coast fluid systems complex
include pervasive faulting leading to fluid migration pathways, overpressured fluids, and the
mixing of sea water and meteoric waters.
It seems difficult to determine the origin of formation water by Br/Cl ratios alone.
Only the waters from the Point Coupee study area waters plot as those typical of sea water
evaporation.  Many basins have some sea water influence that is evident using Br/Cl ratios.
However, the ratio more effectively documents when fluid modification takes place during
burial, whether it is by salt dissolution or the mixing of fluids.  This method does not help in
identifying the origins of low salinity waters.
6.6.2. Isotopes
Figure 5.45 illustrates delD and del18O relationships for the six  basins where delD
and del18O is available.  These include: Colville, North Sea, Pattani, South Texas, and San
Joaquin.  The plots include the global meteoric water line and a least squares regression line
that intersects the meteoric water line.  Table 6.1 presents approximate present-day delD and
del18O values for meteoric waters in proximity to basins obtained from Drever (1997) and
IAEA (1992).  It is immediately obvious that del18O values are heavier that the given
meteoric values and the delD are lighter than the given meteoric values.  The exceptions are
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the few points from the North Sea and San Joaquin that fall on the meteoric water line.
If the isotopic values of the formation waters were derived from the mixing of
meteoric waters and isotopically-unaltered sea water, a line of mixing would appear between
the meteoric water line and the SMOW isotopic value.  The least squares slopes of the Texas
Gulf Coast and North Sea basins are quite different when compared the slopes resulting from
other basins.  The least squares regression lines of Texas Gulf Coast and the North Sea both
intersect the meteoric water line at much higher angles when compared to the rest of the
basins.  The dissolution of salt is present in both basins and the delD and del18O slopes are
less than zero.  The other basins have slopes more typical of the Colville basin where meteoric
waters are known to influence present compositions.  Also, the deuterium values show very
little or a negative shift while del18O becomes heavier away from the meteoric water line.
This behavior may be the caused by extensive exchange with clay minerals causing del18O
changes with very little changes in delD.  In the basins where there is not pervasive salt
dissolution, both delD and del18O values increase in a systematic manner away from the
meteoric water line.
6.6.3. Low Salinity Waters of Southwest Louisiana
Although the origin of the low salinity fluids in southwest Louisiana is difficult to ascertain
with certainty, there are some things that can be discounted.  First, there is no evidence of
regional membrane filtration.  If this were occurring, progressive changes would be expected
of salinity decreasing as fluids move up through the section, and it is not observed.  Also, if
membrane filtration were occurring, high concentrations of solutes would be expected below a
membrane such as a pressure seal, which is also not observed.  Second, it is unlikely that all
the low salinity waters are meteoric in origin.  If this were so, it would be difficult to explain
why low salinity waters are present only between 80 °C and 150 °C, and not restricted to
particular units.  Considering this, it is also unlikely that low salinity fluids above the
overpressure transition are the result of meteoric recharge waters.  The occurrences of low
salinity waters are predominately in fine-grained sediments.  If this were the case, specific
units would contain most of the low salinity fluids.  Again, this is not the case.  The low
salinity fluids do not preferentially exist in different stratigraphic units.
If the mechanism for the formation of the low salinity fluids were the result of
chemical diagenesis, it would be expected that low salinity waters would occur laterally
between specific temperature intervals.  A look at the high salinities in the cross sections
previously discussed shows those salt domes are present along three of the cross sections.
The fluids near the salt are notably high.  Although high salinity waters appear in the cross
section with no salt dome present, it is unlikely that the high salinities are the result of another
mechanism.  Since it is safe to assume that most of the high salinity waters are the result of
salt dissolution, based on evidence of this study, the distribution of low salinity within a
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specific temperature range leads the possibility of a chemical diagenetic origin.
Considering the proposition above, a few points can be made to supporting the hypothesis
of geochemical diagenesis is occurring:
· The chemical characteristics shown in this study suggest that fluid compositions are
not the result of simple mixing.  Rather, it seems as though the fluids are rock-
buffered, changing compositions as a result of chemical diagenesis.
· It would be expected that if chemical diagenesis is causing these low salinity waters,
that it would probably be a laterally regional change.  The low salinity waters occur
within 80 °C and 150 °C, regionally.  So it could potentially be a diagenetic reaction
occurring at least contributing to the cause of the low salinity fluids.
· Global isotopic data shows that del18O consistently increase with depth.  This
correlation is clear and shows that with increasing depths, it is unlikely that fluids are
in chemically static conditions, anywhere.
If it is known that fluids are compositions are changing as a result of diagenetic
reactions, what possibilities are left?  One observation of interest is that organic acids are
shown to have their highest concentrations between 80°C and 140°C (MacGowan and
Surdam, 1990; Lundegard and Kharaka, 1994).  Also, at temperatures less than 80 °C, bacteria
probably consume organic acids, and above 140 °C decarboxylation occurs.  The low salinity
waters are restricted to this interval. Potentially, there could be a link between carboxylic acids
and low salinity fluids.  However, this link would require more data, but another possibility
still remains.
The smectite to illite transition is one associated with overpressured fluids (Freed and
Peacor, 1989; Osborne and Swarbrick, 1998).  The smectite to illite transition is a complicated
reaction (Weaver and Beck, 1971; Hower et al., 1976; Boles and Franks, 1979).  What is
important is that the reaction releases up to 15 moles of interlayer water, while gaining K and
losing Na, Ca, Fe, and SiO2 into solution (Boles and Franks, 1979).  A calculation by Hanor
(unpublished) calculates the volume of water released from one cubic meter of mudstone then
mixes the fluids in adjacent mudstones and sandstones and recalculates salinity.  This
calculation assumes sediments that are 10% sandstone and 90% mudstone, 30% porosity, and
a smectite to illite reaction that releases 10 moles of water.  In this calculation the initial
salinity was 100 g/l.  After the waters and dissolved salts mixed, a salinity of 53 g/l resulted, a
change of 47%.
The temperatures at which the low salinity waters occur also support the hypothesis
that the smectite to illite transition occurring.  Freed and Peacor (1989) present data from two
counties in South Texas that the onset of the illite to smectite transitions begin at a
temperature of 69°C.  The illite to smectite proportions show marked increases beginning at
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approximately 80°C.  Because this transition is independent of sediment age, environment of
deposition, changes in detrital clay material, it is likely that this relationship are similar for
southwest Louisiana (Powers, 1959).
Additional evidence that suggests the possibility of smectite to illite transition
occurring include the following:
· Wilcoxon (1989) reported that the smectite to illite transition had occurred in samples
from Allen parish, southwestern Louisiana at depths between 2 – 4 kilometers and at
temperatures between 60°C - 100°C.  In addition, the samples contained mixed clay
layers that were approximately 80% illite that were fully ordered.
· Low salinity fluids are restricted to temperatures between 80 °C and 150 °C.  These
temperatures are shown in the Gulf Coast to have increasing illite content (Freed and
Peacor, 1989).  Also, other results report the smectite to illite transition in the Gulf of
Mexico basin to begin at 100°C (Boles and Frank, 1979; Bruce, 1983).
· Phase diagrams produced in this study show illite to be a metastable mineral phase for
the waters of southwest Louisiana.
In conclusion, it is within reason to assume the illite to smectite transition to be a likely
contributor to the origin of the deep, low salinity fluids of southwest Louisiana.
6.7. Reliability of Southwest Louisiana Data Set
The interpretations made in this study using USGS southwest Louisiana data should be
used with caution considering the water analyses from the USGS were not obtained by
randomly drilled wells, but rather those specifically targeting hydrocarbons.  These wells
targeted sand reservoirs located near salt flanks, while some are from non-productive are
removed from salt domes.  The absolute value of the data set could only be known by
obtaining additional water analysis from wells that do not have similar drilling targets as those
used in this study.
The major cation and anion data concentration (mg/l or g/l) in the USGS data set are
generally in agreement with previous work and compare reasonably to data from basins
worldwide.  There are however, ionic concentrations from water samples that plot
anomalously and are not characteristically systematic with respect to charge and/or salinity.
These anomalous values do not appear to follow any trends and could be considered scatter.
pH values from southwest Louisiana are also suspect considering the variability that is
present, especially when compared to worldwide pHs.  When the results of activity
calculations for major cations are plotted on phase diagrams, there is general agreement with
mineral phases that would be expected in the host sediments.  An example of this is the phase
diagrams from Point Coupee that plot in mineral phases that are known to be present by
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previous studies (see Chapter 4).  One exception is the calculation of the activity of silica.
The results of solubility and phase diagram plots from this study result in waters being
undersaturated with respect to quartz.  Ross et al. (1994) concluded that waters from Moore-
Sams and Morganza gas fields of Point Coupee Parish, Louisiana, were supersaturated with
respect to quartz.  It is clear that the results of this study are contrary to the Ross et al. (1994)
study in Point Coupee.  With this, all waters of southwest Louisiana should be considered
suspect because waters were undersaturated with respect to quartz.
Although there are sound questions concerning the southwest Louisiana data set, the
majority of the data seems to be reasonable.  Even so, caution should be taken when referring
to calculations involving silica and pH from this study.  The spreadsheet used to calculate




The presence of low salinity fluids (<35 g/l) is common in deep sedimentary basins.
Salinities from basins included in this study seldom exceed sea water when salt and salt
dissolution are absent.  Even in basins where salt dissolution is known to be active, such as
southwest Louisiana, Texas Gulf Coast, and the North Sea, low salinity waters commonly
occur at depths greater than 2500 m.  Frequently these fluids are overpressured (Kharaka et
al., 1977).
Low salinity waters are not unique in major solute composition when compared to
high salinity waters (>35 g/l).  Na in terms of mass is by far the most abundant cation in both
low salinity and high salinity waters.  However, Ca proportions are typically higher in waters
of high salinity than in low salinity waters.  This is in general agreement with work by Hanor
(2001) that Ca contribution to charge increases at a faster rate than Na.  The only basin in this
study where Ca proportions are lower in high salinity waters is in southwest Louisiana.  The
pervasive dissolution of salt in southwest Louisiana might result in proportionally lower Ca
and higher Na.  Other major cations including K, Mg, and Sr, have no significant changes in
relative proportions between low and high salinity waters.
In terms of mass, Cl dominates anion proportions in most basins presented in this
study in both low and high salinity waters, except the Pattani basin where HCO3 dominates.
In fact, in the Pattani basin Cl ranks third behind HCO3 and acetate, respectively.  In high
salinity waters Cl typically makes up >95% of anion at high salinities and >75% at low
salinities.  HCO3 and acetate make up significantly more of the total anionic mass in low
salinity waters than in high salinity waters.
Cations have systematic increases in all basins with respect to increases in both
salinity and total anionic charge.  Cation relationships with salinity and anionic charge have
been observed previously by Hanor (1994, 2001) in higher salinity waters and are supported
by the work in this study.  This study has demonstrated, however, that more variability exists
between cations and salinity at salinities lower than sea water and between cations and total
anionic charge at lower charge values.  On log-log plots, monovalent cations plot along 1:1
slopes with respect to salinity and total anionic charge, while divalent cations plot 2:1.  The
systematic correlation of cations with total anionic charge is better than with cations and
salinity.  Thus, total anionic charge ranks higher in importance as a variable with cations.
Systematic relationships are present for some anions with respect to salinity and total
anionic charge.  In southwest Louisiana waters, Cl plots on a 1:1 slope as a function of salinity
in both low and high salinity waters.  In other basins in this study, however, the relationship
between Cl and salinity does not plot proportionally 1:1 at salinities <10,000 mg/l.  At a
salinity of approximately 10,000 mg/l, the relationship between HCO3 and salinity changes
from 1:1 to –1:1 from lower to higher salinities.  Worldwide, SO4 and acetate typically do not
plot systematically with respect to either salinity or total anionic charge.
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Evidence from this study suggests that the composition of fluids in southwest
Louisiana cannot be explained by simple mixing of two or more end members.  This is in
contrast to the Point Coupee data that plots linearly and could be explained by simple mixing.
Plots of cations versus salinity for southwest Louisiana are more typical of fluids buffered by
ambient mineral phases.  Ca/Mg activity ratios suggest that calcite and disordered dolomite
minerals buffer at least some of the waters.  A carbonate phase diagram agrees with this
conclusion while calculations show that waters are apparently oversaturated with respect to
calcite and dolomite.  The pH values of some of these waters, however, are suspect.  Various
phase diagrams suggest that sedimentary mineral phases commonly present in Louisiana and
the Texas Gulf Coast are stable with respect to waters from southwest Louisiana.  These
include illite, kaolinite, chlorite, and muscovite.  Waters from southwest Louisiana appear to
be undersaturated with respect to quartz.
Although disequilibrium compaction is the most widely accepted mechanism for
overpressuring, the results of this study suggest that the overpressuring might be influenced by
a diagenetic reaction.  The line that separates predominately sand and shale sediments does
not correspond to the top of overpressured fluids.  The top of overpressured fluids in
southwest Louisiana generally corresponds to the 100°C isotherm.  This is true for most of the
region, but where the top of overpressure begins to occur at significantly greater depths to the
north and south, this relationship does not exist.  Low salinity fluids occur above and below
the top of the overpressured fluids zone.  This implies that low salinity fluids are not restricted
to overpressured waters, although they occur in the general vicinity.  Low salinity fluids are,
however, restricted to temperatures between 80°C and 150°C and typically occur in shaley
sediments.  Some low salinities could possibly be the result of dilution by water released by
gas condensation during production in some samples, but their presence is common
throughout Gulf Coast waters samples.  Salinities are considerably variable above and below
the overpressure transition zone.  The brines are most likely the result salt dissolution.
The origins of the low salinity waters in southwest Louisiana are difficult to determine
using Br/Cl systematics.  What can be concluded however is that the waters are greatly
influenced by halite dissolution.  Because ?D and ?18O were not available for southwest
Louisiana, it is not possible to determine potential meteoric influences.  However, there are
several lines of evidence that argue against low salinity waters simply being the result of
unaltered meteoric waters: (1) the low salinity waters typically occur in marine shale
sequences that would not permit adequate flushing of the sediments; (2) del18O data from the
Gulf Coast (Land and Macpherson, 1992; Ross et al., 1994; Land, 1995) and other
sedimentary basins (Kharaka and Carothers, 1988; Egeberg and Aagaard, 1989; Trevena and
Clark, 1986; Fisher and Boles, 1990) suggests it is unlikely that the fluids are unaltered at
great depths and increasing temperatures; (3) low salinity waters are not restricted to
particular stratigraphic units; and (4) if the low salinity waters were the result of meteoric
waters, it is unlikely that the fluids would be restricted to specific temperature intervals.  In
addition, there is no evidence that low salinity waters are produced by membrane filtration.
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It is possible that the low salinity waters are produced by diagenetic reactions.  Del18O
data from the Gulf Coast (Land and Macpherson, 1992; Ross et al., 1994; Land, 1995) and
around the world (Kharaka and Carothers, 1988; Egeberg and Aagaard, 1989; Trevena and
Clark, 1986; Fisher and Boles, 1990) suggest that there is exchange with host sediments in
sedimentary basins as burial takes place.  Cation data also suggest that chemical equilibrium
is trying to be achieved by most of the waters.  If chemical diagenesis were occurring, it
would be expected that the low salinity waters would be predominately present within similar
temperature and depth intervals.  The cross sections presented in this study show high and low
salinity waters occurring in the 80°C and 150°C temperature interval and at depths greater
than 2500 m.  However, the high salinity fluids are most likely the result of fluids affected by
salt dissolution.  Considering that, low salinity fluids do occur commonly in particular
temperature and depth intervals.  The smectite to illite transition releases substantial water as
a result of the transformation capable of diluting salinities by as much as 47%.  The smectite
to illite transition has been documented in southwest Louisiana sediments at temperatures
between 60°C and 100°C and between depths of 2 km and 4 km (Wilcoxon, 1989).
Petrographic analysis showed the clay layers in the Wilcoxon (1989) study were 80% illite.
Cation activity ratios also demonstrate that fluids in southwest Louisiana are commonly in
equilibrium with respect to illite.  The isolation of low salinity fluids in this study is likely
influenced by the prolific presence of salt and salt dissolution throughout the southwest
Louisiana Gulf Coast.
While the major cation and anion data of southwest Louisiana present systematic
relationships that are commonly observed in other basins around the world, some results
suggest at least some of the data is suspect.  For example, calculated saturation indices for
calcite and dolomite were scattered, while Ca/Mg activity ratios showed that most of the
waters were probably buffered by calcite and dolomite.  Measured pH values and alkalinity
data are suspect when compared to typical basin characteristics.  Also, calculated silica
solubilities from southwest Louisiana in this study are different from other studies along the
Gulf Coast.  Caution should be taken when using calculations from this study based on the
southwest Louisiana data set.
7.1. Future work
There is work that should be done in the future on deep waters of southwest Louisiana
to further this study:
· Isotope analysis including delD, del18O, 87Sr/86Sr, and B.
· Reliable pH and alkalinity measurements, including fatty acid analysis.
· Improve the detail of the cross sections presented in this study to identify specific
sedimentary packages in which low salinity waters occur.  Additionally, log/core
data would help in understanding facies distribution and effects of various
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lithologic facies types.
· Comparison of composition of low salinity waters in hydorpressured and
overpressured sediment.
· Detailed field scale studies on locations such as Point Coupee.
· Considering many studies are limited to either the analysis of fluids or sediments,
an integrated fluid chemistry and sediment chemistry study could provide more
insight into the origins and diagenesis of low salinity waters.
· Examine salinities and fluid compositions on a field-by-field basis.  This would
shed light on how interpretations might be affected by the salt and/or hydrocarbon
presence in the subsurface.
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APPENDIX A.  U.S.G.S. GEOCHEMICAL DATA FOR SIX-PARISH REGION OF
SOUTHWEST LOUISIANA
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U.S.G.S. Geochemical Data for Six-Parish Region of Southwest Louisiana
Density Na K Mg Ca Sr Ba Cl Br SO4 HCO3 Silica TDS, meas
Sample Location Depth (m) TdegC g/cm^3 pH mg/l mg/l mg/l mg/l mg/l mg/l mg/l g/ mg/l mg/l mg/l mg/l
Allen Parish, 1 3042 122 1.018 7.50 54 105 11,893 73 2,985 23762
Allen Parish, 2 2296 98 1.055 6.80 561 2,096 42,955 0 127 70193
Allen Parish, 3 2335 100 1.061 28,000 827 2,165 49,400 244 80632
Allen Parish, 4 2345 100 1.061 28,620 605 2,845 50,640 244 82955
Allen Parish, 5 2460 104 1.041 18,670 290 1,200 31,200 975 52335
Allen Parish, 6 1911 86 1.077 34,310 851 3,010 60,760 122 99053
Allen Parish, 7 1971 88 1.079 35,700 535 3,202 62,100 245 101800
Allen Parish, 8 2458 104 1.071 6.80 923 2,218 59,261 0 79 96642
Allen Parish, 9 2254 97 1.069 30,040 780 2,330 52,190 490 85830
Allen Parish, 10 2020 90 1.072 35,140 655 3,045 61,720 244 100800
Allen Parish, 11 4574 171 1.035 7.50 17,632 855 20 240 25,000 144 1,700 2,720 47412
Allen Parish, 12 4135 157 1.021 7.40 10,296 275 88 368 16,300 120 1,420 28867
Allen Parish, 13 4052 155 1.019 7.10 9,415 150 65 296 14,800 73 1,070 25872
Allen Parish, 14 3834 148 1.017 7.30 8,705 128 49 216 13,000 60 220 1,700 24018
Allen Parish, 15 3108 124 1.016 6.90 7,525 98 142 504 11,800 200 1,920 22189
Beaugard, 1 6.68 1 2 8 41 33 12 131
Beauregard, 2 4467 168 7.22 238 449 14,827 65 2,001 100 27235
Beauregard, 3 4467 168 7.28 126 320 15,054 22 1,246 112 26765
Beauregard, 4 4442 167 7.20 27 314 15,500 15 1,255 70 27387
Beauregard, 5 4442 167 7.65 26 268 15,500 18 1,305 60 27393
Beauregard, 6 4442 167 8.30 0 84 14,176 14 660 77 24382
Beauregard, 9 2743 113 7.50 122 110 7,193 25 3,176 50 17452
Beauregard, 10 2592 108 1.019 7.12 20 56 10,020 145 2,728 3 20816
Beauregard, 11 2592 108 1.014 7.95 26 97 9,312 102 3,116 146 19918
Beauregard, 12 2592 108 1.013 8.20 12 59 7,712 173 2,911 47 17026
Beauregard, 13 2768 114 1.016 7.48 36 99 11,443 287 3,584 4 24222
Beauregard, 14 2591 108 1.012 8.05 14 50 7,544 2 2,815 21 16327
Beauregard, 15 2896 118 1.026 7.50 98 280 20,014 134 4,435 48 39250
Calcasieu, 1 1469 72 1.12 11.00 67,798 1,440 103,889 3,800 117720
Calcasieu, 2 2031 90 1.057 7.35 30,738 660 2,914 54,431 156 88936
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Density Na K Mg Ca Sr Ba Cl Br SO4 HCO3 Silica TDS, meas
Sample Location Depth (m) TdegC g/cm^3 pH mg/l mg/l mg/l mg/l mg/l mg/l mg/l g/ mg/l mg/l mg/l mg/l
Calcasieu, 3 2031 90 1.064 7.00 29,317 550 3,175 52,398 11 117 85607
Calcasieu, 4 2031 90 1.065 6.40 31,485 921 2,555 55,694 68 53 90795
Calcasieu, 5 2034 90 1.065 6.20 28,994 293 330 46,096 32 148 3 75946
Calcasieu, 6 2034 90 1.065 6.70 31,822 815 2,728 56,214 48 93 91747
Calcasieu, 7 2031 90 1.052 4.20 30,670 1,224 1,750 53,970 87626
Calcasieu, 8 2031 90 1.065 6.95 29,571 734 2,786 52,658 62 85835
Calcasieu, 9 2031 90 1.065 6.00 31,489 1,065 2,208 55,520 68 30 90336
Calcasieu, 10 2031 90 1.052 4.20 32,384 538 2,702 56,559 92401
Calcasieu, 11 2031 90 1.065 7.00 33,830 668 2,916 53,907 111 91449
Calcasieu, 12 1903 86 1.069 3.00 33,108 721 3,040 58,740 95775
Calcasieu, 13 1903 86 1.056 5.95 35,756 874 3,035 63,119 34 102900
Calcasieu, 14 1903 86 1.071 6.85 32,031 721 3,197 57,120 85 93172
Calcasieu, 15 2035 90 1.064 7.00 31,267 947 2,425 55,173 39 209 90108
Calcasieu, 16 2035 90 1.053 6.94 32,803 594 2,920 57,445 177 93818
Calcasieu, 17 2035 90 1.065 7.10 30,577 590 2,959 52,301 205 86650
Calcasieu, 18 2268 98 1.051 24,400 410 1,080 40,540 383 244 67057
Calcasieu, 19 3045 122 1.075 35,955 634 2,725 61,920 193 101400
Calcasieu, 20 3041 122 1.084 40,470 755 2,880 68,290 100 250 112700
Calcasieu, 21 2469 104 1.067 5.50 31,768 180 650 2,672 43.1 56,445 403 8.6 92300
Calcasieu, 22 3243 129 7.90 50,720 1,035 7,561 94,400 63 332 53 154200
Calcasieu, 23 3255 129 6.40 54,255 814 4,766 94,000 206 594 37 155000
Calcasieu, 24 3249 129 1.072 6.30 34,378 852 3,404 61,176 70 533 8 100600
Calcasieu, 25 3055 123 1.101 6.35 55,475 1 4 85,215 85 1,386 142600
Calcasieu, 26 3068 123 1.075 6.28 45,345 987 6,704 84,440 95 304 138000
Calcasieu, 27 3319 131 1.029 7.20 14,527 54 827 23,674 12 771 39953
Calcasieu, 28 3319 131 1.121 5.30 54,938 1,165 9,243 104,512 26 139 170100
Calcasieu, 29 2921 118 7.60 31,318 243 1,824 51,415 564 680 26 86124
Calcasieu, 30 2825 115 8.50 29,315 176 1,782 47,967 638 688 62 80680
Calcasieu, 31 2664 110 6.95 17,289 1,118 801 30,340 354 1,279 68 51416
Calcasieu, 32 2646 110 7.75 18,628 340 801 30,032 432 1,372 98 51745
Calcasieu, 33 2129 93 1.082 7.20 36,002 944 2,575 62,656 323 102500
Calcasieu, 34 2129 93 1.071 7.15 35,163 660 2,853 61,047 290 100000
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Density Na K Mg Ca Sr Ba Cl Br SO4 HCO3 Silica TDS, meas
Sample Location Depth (m) TdegC g/cm^3 pH mg/l mg/l mg/l mg/l mg/l mg/l mg/l g/ mg/l mg/l mg/l mg/l
Calcasieu, 35 1359 69 1.092 6.80 44,398 933 2,293 75,205 122 123000
Calcasieu, 36 1361 69 1.082 7.05 42,914 707 2,743 73,007 157 119500
Calcasieu, 37 1410 70 1.087 7.20 42,460 1,352 2,397 73,542 306 120100
Calcasieu, 38 1548 75 1.084 7.05 42,683 725 2,853 72,828 336 119500
Calcasieu, 39 1356 68 1.072 7.18 43,690 888 2,525 74,289 7 265 121700
Calcasieu, 40 1356 68 1.086 7.00 41,556 897 2,525 71,043 267 116300
Calcasieu, 41 1347 68 1.083 7.25 43,064 445 3,484 73,721 150 120800
Calcasieu, 42 1334 68 1.072 7.05 43,696 807 2,525 74,111 204 121400
Calcasieu, 43 1334 68 1.083 7.00 41,230 629 3,024 70,686 176 115800
Calcasieu, 44 1174 63 1.072 7.10 43,248 726 2,038 72,338 204 118600
Calcasieu, 45 1594 76 1.077 7.15 44,969 874 2,614 76,416 204 125100
Calcasieu, 46 1581 76 1.093 6.70 41,232 227 2,045 67,670 29 484 2 111800
Calcasieu, 47 1547 75 1.09 7.40 44,987 1,009 1,949 75,530 483 124000
Calcasieu, 48 1547 75 1.085 7.10 42,241 881 2,424 71,757 457 117800
Calcasieu, 49 1347 68 1.072 7.00 44,517 861 2,392 75,352 197 123400
Calcasieu, 50 1347 68 1.083 7.15 42,819 777 2,424 72,471 13 202 118700
Calcasieu, 51 2021 90 1.029 7.55 21,058 65 256 33,304 26 352 55389
Calcasieu, 52 2021 90 6.90 112147 603 2,376 179,519 16 46 295200
Calcasieu, 53 2021 90 6.90 123612 507 1,755 195,776 83 99 322400
Calcasieu, 54 2021 90 6.90 550 3,413 182,102 104 186200
Calcasieu, 55 2021 90 6.95 1,179 3,197 179,519 78 184000
Calcasieu, 56 2021 90 1.194 6.85 113535 170 2,311 179,519 460 65 296300
Calcasieu, 57 2021 90 1.185 6.70 107176 369 2,440 170,568 26 189 280800
Calcasieu, 58 1983 88 1.173 7.25 101561 251 1,259 158,926 780 213 263000
Calcasieu, 59 1820 83 1.094 44,230 925 2,767 75,790 123700
Calcasieu, 60 2155 94 1.084 36,452 701 2,793 63,190 103100
Calcasieu, 61 1162 62 1.089 39,907 744 2,086 67,392 110100
Calcasieu, 62 7.00 37,345 288 2,240 61,628 45 1,098 102700
Calcasieu, 63 1.069 6.90 37,717 318 407 2,053 32.7 58,575 33 830 46 100500
Calcasieu, 64 3170 126 1.07 7.20 37,717 319 410 2,132 18.7 58,575 33 805 47 100000
Calcasieu, 65 3320 131 1.032 7.40 14,822 28 314 23,006 15 895 39117
Calcasieu, 66 1358 68 1.086 7.01 43,870 1,016 2,166 74,404 102 121600
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Density Na K Mg Ca Sr Ba Cl Br SO4 HCO3 Silica TDS, meas
Sample Location Depth (m) TdegC g/cm^3 pH mg/l mg/l mg/l mg/l mg/l mg/l mg/l g/ mg/l mg/l mg/l mg/l
Calcasieu, 67 1358 68 1.088 7.20 43,935 1,076 2,239 74,671 46 258 122200
Calcasieu, 68 1358 68 1.085 7.15 41,607 686 2,617 70,686 241 115900
Calcasieu, 69 1354 68 1.087 7.00 42,906 1,222 2,610 74,256 222 121300
Calcasieu, 70 1337 68 1.083 7.15 40,407 603 3,067 69,437 176 113700
Calcasieu, 71 1702 79 1.059 7.20 28,631 189 1,867 47,570 93 619 78970
Calcasieu, 72 1629 77 1.088 7.30 43,344 78 4,056 74,072 128 266 10 122000
Calcasieu, 73 1361 69 1.072 7.18 43,683 807 2,525 74,111 5 170 121300
Calcasieu, 74 1361 69 1.082 7.00 40,874 751 2,617 69,794 7 121 114200
Calcasieu, 75 1361 69 1.093 7.00 44,444 839 2,457 75,294 10 109 123200
Calcasieu, 76 1361 69 1.081 7.20 40,185 773 2,873 69,258 137 113300
Calcasieu, 77 3253 129 6.80 38,010 384 2,560 63,758 196 610 105500
Calcasieu, 78 3253 129 1.069 7.00 37,358 326 407 2,220 25.6 58,575 373 610 52 100400
Calcasieu, 79 2320 99 1.072 7.30 37,120 255 1,054 2,621 64,965 13 146 16 106600
Calcasieu, 80 3228 128 1.016 7.50 8,872 76 47 275 13,490 76 1,000 43 23992
Calcasieu, 81 3228 128 1.018 7.40 9,759 48 37 208 30.5 13,490 67 1,049 16 24730
Calcasieu, 82 3042 122 1.044 6.70 19,951 125 292 1,557 40.0 35,855 193 671 41 58907
Calcasieu, 83 3192 127 1.018 6.90 7,093 53 46 388 21.6 12,780 69 403 27 20936
Calcasieu, 84 3252 129 1.046 6.95 21,690 323 344 34,924 140 57421
Calcasieu, 85 3039 122 1.032 17,035 95 285 26,670 245 44330
Calcasieu, 86 2950 119 1.065 6.40 29,402 385 523 3,711 55,735 321 195 91279
Calcasieu, 87 1634 77 1.678 6.80 43,565 1,237 2,467 75,000 33 255 122700
Calcasieu, 88 1140 61 1.073 6.40 40,794 1,400 1,982 70,200 30 504 115000
Calcasieu, 89 1328 68 1.079 6.50 42,903 1,203 2,627 74,000 58 504 121400
Calcasieu, 90 1710 80 1.085 6.90 44,669 748 2,691 75,460 7 656 5 124400
Calcasieu, 91 1131 61 1.08 6.45 40,365 714 2,635 68,900 187 113000
Calcasieu, 92 2790 114 6.60 23,244 446 1,880 39,476 165 1,647 66869
Calcasieu, 93 2505 105 6.70 45,933 998 3,136 72,136 220 122400
Calcasieu, 94 2789 114 7.00 28,320 451 1,840 47,002 175 1,830 79628
Calcasieu, 95 2505 105 1.08 6.80 42,361 297 1,110 3,065 76.7 70,290 220 20 118000
Calcasieu, 96 2505 105 1.082 7.00 45,439 224 853 2,759 66.5 72,065 146 122000
Calcasieu, 97 2791 114 7.00 27,232 643 1,424 45,156 113 1,891 76465
Calcasieu, 98 2791 114 1.056 7.30 29,428 168 451 1,383 5.7 47,215 101 1,183 29 80543
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Density Na K Mg Ca Sr Ba Cl Br SO4 HCO3 Silica TDS, meas
Sample Location Depth (m) TdegC g/cm^3 pH mg/l mg/l mg/l mg/l mg/l mg/l mg/l g/ mg/l mg/l mg/l mg/l
Calcasieu, 99 2771 114 1.059 7.00 31,825 164 350 1,258 5.4 47,925 80 1,000 7.8 82986
Calcasieu, 100 2771 114 1.058 7.30 30,361 159 355 1,451 13.0 52,185 119 1,342 19 86485
Calcasieu, 101 2736 113 1.081 36,500 925 3,610 65,180 366 106600
Calcasieu, 102 2611 109 1.085 40,300 854 3,810 71,360 245 116600
Calcasieu, 103 2891 118 1.045 22,100 610 1,200 37,970 61880
Calcasieu, 104 2370 101 1.084 40,343 996 4,096 56.0 72,398 32 123 78 118200
Calcasieu, 105 2370 101 1.085 40,250 991 4,118 52.0 72,318 25 130 61 118000
Calcasieu, 106 2378 101 1.087 37,820 988 3,938 90.0 68,170 2 92 111100
Calcasieu, 107 3011 121 1.093 42,000 934 3,900 73,230 395 120500
Calcasieu, 108 2700 111 1.065 7.00 31,559 199 564 2,472 24.9 55,380 23 415 32 91120
Calcasieu, 109 2701 111 6.70 33,150 634 2,464 56,942 27 671 93909
Calcasieu, 110 2701 111 1.066 7.30 34,463 215 699 2,203 33.9 55,025 67 586 23 93950
Calcasieu, 111 2699 111 1.04 7.30 20,491 101 350 1,305 21.6 33,370 33 915 36 56819
Calcasieu, 112 3045 122 1.105 51,660 830 3,000 85,900 384 141800
Calcasieu, 113 3152 126 1.055 6.80 27,348 272 1,200 44,700 355 236 74111
Calcasieu, 114 3146 126 1.067 3.80 32,272 503 2,131 54,831 250 89987
Calcasieu, 115 3099 124 1.045 6.30 21,052 272 911 34,591 167 280 57273
Calcasieu, 116 3095 124 1.035 3.90 18,933 266 762 31,175 121 106 51363
Calcasieu, 117 3864 149 1.014 7.40 6,583 65 44 152 9,500 215 1,710 18269
Calcasieu, 118 3864 149 7.70 6,575 86 18 138 9,950 175 1,327 18269
Calcasieu, 119 3765 145 7.70 5,663 55 13 57 8,200 175 1,522 15685
Calcasieu, 120 3487 137 1.024 7.70 9,578 46 23 101 38.9 12,709 167 4,270 26995
Calcasieu, 121 3923 151 1.013 7.50 6,489 44 128 9,500 170 1,270 17601
Calcasieu, 122 3923 151 7.70 6,325 89 21 117 9,800 128 1,269 17749
Calcasieu, 123 3888 149 7.70 5,638 81 15 68 8,450 232 1,430 15959
Calcasieu, 124 3702 143 5.30 2,200 16 13 79 3,800 33 146 6287
Calcasieu, 125 3781 146 7.00 17,260 208 112 728 29,625 183 854 48970
Calcasieu, 126 3675 143 8,375 58 22 109 12,350 1,806 22720
Calcasieu, 127 3406 134 9,275 65 47 216 14,500 1,708 25811
Cameron, 1 2922 119 77,750 261 922 5,325 265.0 132,750 216100
Cameron, 2 3732 144 1.192 4.80 1,220 7,400 174,000 59 285000
Cameron, 3 3734 144 1.114 6.00 58,074 830 5,200 10,100 210 165400
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Density Na K Mg Ca Sr Ba Cl Br SO4 HCO3 Silica TDS, meas
Sample Location Depth (m) TdegC g/cm^3 pH mg/l mg/l mg/l mg/l mg/l mg/l mg/l g/ mg/l mg/l mg/l mg/l
Cameron, 4 3889 149 1.103 5.90 51,434 805 4,360 89,010 285 146100
Cameron, 5 3212 128 1.07 7.00 31,462 193 7,214 61,346 548 100900
Cameron, 6 4295 162 1.031 7.90 12,411 61 140 9,750 5,730 36892
Cameron, 7 2295 98 1.11 6.30 63,532 604 2,199 102,695 458 5 170800
Cameron, 8 2301 99 1.107 6.30 59,762 656 3,163 98,867 359 1 163800
Cameron, 9 1755 81 6.20 42,500 119 693 2,068 136.0 74,600 90 15 120000
Cameron, 10 1789 82 1.085 6.50 44,063 781 2,460 74,500 159 122000
Cameron, 11 1879 85 6.60 44,900 124 723 2,408 141.0 77,650 90 154 122400
Cameron, 12 1992 89 1.085 6.70 43,990 756 2,720 74,800 117 124800
Cameron, 13 3189 127 6.80 42,693 691 4,800 75,970 464 124800
Cameron, 14 3189 127 1.088 6.70 41,474 460 684 351 730.3 73,485 25 342 26 117800
Cameron, 15 3189 127 1.085 6.80 41,747 405 591 4,024 654.5 72,775 25 488 10 121000
Cameron, 16 3189 127 1.08 7.30 39,416 320 397 2,781 375.3 6.8 67,450 25 634 54 111900
Cameron, 17 3139 125 1.063 5.70 30,044 247 483 2,169 530.7 3.8 53,250 5 610 37 87610
Cameron, 18 3139 125 1.044 5.50 19,649 194 318 2,485 354.6 36,920 8 195 20 60238
Cameron, 19 3139 125 1.086 7.10 46,340 277 530 3,622 601.7 6.0 75,615 8 500 127700
Cameron, 20 2955 120 1.084 7.90 43,238 486 2,800 72,775 634 120000
Cameron, 21 2910 118 1.084 6.90 46,093 17 631 2,147 34.9 48.4 50 451 122500
Cameron, 22 2928 119 1.094 7.50 49,466 826 3,840 85,200 439 140000
Cameron, 23 2928 119 1.085 6.90 46,918 175 639 2,330 39.3 47.0 74,550 50 427 125600
Cameron, 24 2931 119 1.084 7.60 43,201 510 2,800 72,775 561 120000
Cameron, 25 2931 119 1.082 6.70 46,011 167 615 2,193 37.0 46.6 71,000 50 439 121000
Cameron, 26 2931 119 1.082 7.60 43,001 486 2,800 72,420 537 119400
Cameron, 27 2915 118 1.085 6.80 47,167 203 641 2,165 31.9 72,420 50 366 123800
Cameron, 28 3698 143 1.027 7.10 13,615 109 147 824 191.0 22,700 605 38006
Cameron, 29 3275 130 7.40 31,900 259 396 1,528 53,000 487 87576
Cameron, 30 2607 108 8.00 41,000 208 539 2,175 71,700 482 116100
Cameron, 31 3445 135 7.50 40,600 205 533 2,135 71,750 468 115700
Cameron, 32 2691 111 1.083 6.70 43,386 211 598 2,160 129.0 72,700 200 119300
Cameron, 33 3763 145 1.048 6.00 23,420 269 283 1,630 6.5 40,100 254 65959
Cameron, 34 3203 128 1.002 5.10 966 11 25 98 16.0 1,700 78 2890
Cameron, 35 3763 145 7.60 37,600 223 270 1,195 65,250 1,074 105600
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Density Na K Mg Ca Sr Ba Cl Br SO4 HCO3 Silica TDS, meas
Sample Location Depth (m) TdegC g/cm^3 pH mg/l mg/l mg/l mg/l mg/l mg/l mg/l g/ mg/l mg/l mg/l mg/l
Cameron, 36 3432 135 1.068 6.90 34,724 395 427 2,140 378.0 58,900 522 97110
Cameron, 37 3284 130 1.039 6.30 19,941 153 191 1,020 164.0 33,200 261 54774
Cameron, 38 3753 145 1.067 6.50 32,963 458 451 2,700 492.0 57,400 422 94395
Cameron, 39 3752 145 1.002 6.00 771 6 10 64 7.7 1,240 161 2261
Cameron, 40 3743 145 1.055 6.40 28,946 168 354 1,260 350.0 47,900 464 79095
Cameron, 41 3163 126 4.60 619 24 56 1,207 24 1989
Cameron, 42 3163 126 1.091 6.90 47,503 320 628 2,651 548.3 78,810 50 610 19 131300
Cameron, 43 3163 126 1.092 6.80 52,578 193 508 2,543 484.9 23.0 80,585 63 732 137900
Cameron, 44 3163 126 1.092 7.30 52,134 204 496 2,566 489.0 14.8 80,940 63 781 237800
Cameron, 45 2724 112 1.032 6.45 15,700 187 789 25,700 770 43261
Cameron, 46 2717 112 1.036 5.57 24,764 93 1,430 37,752 778 65198
Cameron, 47 2701 111 1.047 6.95 23,310 259 1,287 38,556 789 64270
Cameron, 48 2728 112 1.033 7.10 16,280 165 787 26,300 1,009 3 44656
Cameron, 49 2728 112 1.032 7.30 15,800 195 786 25,450 1,450 43695
Cameron, 50 3082 124 1.045 7.10 20,100 229 1,280 31,900 3,415 57756
Cameron, 51 2928 119 1.004 6.45 1,678 107 2,678 346 4893
Cameron, 52 2918 118 1.002 4.60 25 34 46 204 15 388
Cameron, 53 2920 118 1.002 6.45 1,490 52 64 2,499 4354
Cameron, 54 2918 118 0.999 6.10 117 13 43 357 776
Cameron, 55 2941 119 0.999 5.55 680 13 43 1,250 2182
Cameron, 56 2764 113 1.005 5.60 2,585 13 193 4,284 7431
Cameron, 57 2764 113 1.014 7.20 5,377 67 357 8,757 699 15394
Cameron, 58 3281 130 1.081 7.65 40,552 328 1,504 65,637 953 109100
Cameron, 59 3939 151 1.161 6.35 96,626 61 241 149,175 611 246800
Cameron, 60 3939 151 1.09 7.45 51,059 232 1,008 81,088 498 134100
Cameron, 61 1394 70 6.60 99,950 258 457 1,583 72.0 160,950 97 344 264800
Cameron, 62 3364 133 7.00 8,615 26 101 11,852 2,062 312 23750
Cameron, 63 2932 119 6.90 30,758 194 961 37,600 1,025 52 63319
Cameron, 64 2941 119 6.62 27,322 338 1,313 44,990 747 49 74859
Cameron, 65 3248 129 7.05 15,169 99 773 24,440 1,089 42 41785
Cameron, 66 3300 131 6.85 15,941 129 701 25,800 679 32 43331
Cameron, 67 1025 58 1.076 6.90 42,124 1,237 1,662 71,304 267 2 116800
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Density Na K Mg Ca Sr Ba Cl Br SO4 HCO3 Silica TDS, meas
Sample Location Depth (m) TdegC g/cm^3 pH mg/l mg/l mg/l mg/l mg/l mg/l mg/l g/ mg/l mg/l mg/l mg/l
Cameron, 68 1328 67 1.078 6.90 42,487 1,171 2,307 72,804 316 1 119300
Cameron, 69 1101 60 1.077 6.98 42,192 1,106 1,714 70,929 626 1 116700
Cameron, 70 1202 63 1.075 6.88 43,219 1,268 1,162 72,962 529 2 119800
Cameron, 71 1715 80 1.074 6.70 42,358 880 1,930 69,548 207 6 117300
Cameron, 72 411 38 1.032 6.75 15,841 814 1,233 28,865 200 2 47018
Cameron, 73 1654 78 1.067 6.60 36,020 679 1,424 59,838 349 55 98592
Cameron, 74 1810 83 6.60 41,045 646 2,371 69,106 7 26 113700
Cameron, 75 2631 109 1.055 6.45 30,315 554 1,233 49,779 1,008 6 83361
Cameron, 76 2599 108 1.061 7.50 31,896 345 1,586 52,480 840 4 87281
Cameron, 77 2601 108 1.056 6.65 35,112 413 1,625 57,500 1,233 76 96574
Cameron, 78 2188 95 1.001 5.60 161 13 43 464 46 835
Cameron, 79 4627 173 1.05 6.30 23,271 354 2,580 41,100 659 67971
Cameron, 80 4579 172 1.038 6.50 18,870 207 1,260 31,600 571 52518
Cameron, 81 4627 173 1.029 7.00 12,998 219 1,360 21,600 1,600 38537
Cameron, 82 4627 173 1.032 6.80 14,503 219 1,400 23,900 1,240 42432
Cameron, 83 4603 172 1.007 6.80 2,983 46 144 4,110 1,230 8733
Cameron, 84 4637 173 1.004 8.60 1,362 20 40 780 1,452 4414
Cameron, 85 4021 154 1.039 6.50 19,346 159 980 31,400 1,050 52967
Cameron, 86 4021 154 1.04 6.60 19,728 171 2,960 31,900 1,200 53995
Cameron, 87 4021 154 1.03 7.10 14,981 132 740 23,900 1,240 41245
Cameron, 88 4397 166 1.041 6.60 19,701 207 1,300 32,800 790 54798
Cameron, 89 4428 167 1.033 7.00 16,386 280 800 26,950 908 45326
Cameron, 90 4455 168 1.029 7.00 14,892 134 6,801 23,940 1,030 40678
Cameron, 91 4436 167 1.031 6.90 14,935 159 700 24,110 942 40924
Cameron, 92 4457 168 1.03 6.90 14,473 122 620 23,400 610 39225
Cameron, 93 3243 129 1.007 4.30 417 46 55 1,193 6.9 3,586 40 5380
Cameron, 94 3243 129 1.01 6.40 5,080 22 19 205 4.6 2.3 5,680 8 268 12 11360
Cameron, 95 3243 129 1.015 6.70 7,851 41 34 183 6.1 2.4 10,650 537 13 20082
Cameron, 96 2642 110 1.042 7.30 21,766 293 1,020 35,600 67 610 59664
Cameron, 97 2484 104 1.015 8.00 7,374 39 120 10,700 35 927 19785
Cameron, 98 3396 134 0.988 6.10 45,913 483 183 3,780 76,600 60 464 130000
Cameron, 99 4454 168 0.988 5.80 55,786 970 1,250 11,800 912.0 112,000 124 181900
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Density Na K Mg Ca Sr Ba Cl Br SO4 HCO3 Silica TDS, meas
Sample Location Depth (m) TdegC g/cm^3 pH mg/l mg/l mg/l mg/l mg/l mg/l mg/l g/ mg/l mg/l mg/l mg/l
Cameron, 100 1336 68 1.089 6.80 46,017 830 3,320 79,100 293 129600
Cameron, 101 3079 124 1.127 6.95 42,061 740 1,775 70,221 102 115000
Cameron, 102 2210 96 1.09 5.00 78,500 280 1,175 7,790 608.0 137,100 85 224900
Cameron, 103 1339 68 1.081 6.60 45,843 830 3,080 78,400 464 128500
Cameron, 104 2626 109 6.30 57,000 335 1,135 6,620 586.0 105,400 221 124 170700
Jefferson Davis, 1 2904 118 7.00 517 1,898 48,416 5 710 80022
Jefferson Davis, 2 2904 118 7.22 543 2,231 47,582 31 590 78539
Jefferson Davis, 3 2904 118 7.00 285 2,569 46,053 37 613 76240
Jefferson Davis, 4 2906 118 7.00 780 2,896 59,218 15 612 97418
Jefferson Davis, 5 2906 118 6.90 479 11,354 55,514 24 509 91402
Jefferson Davis, 6 2896 118 5.20 979 407 112,140 8 156 182600
Jefferson Davis, 7 2896 118 6.25 169 612 12,138 410 20382
Jefferson Davis, 8 2878 117 6.85 55 1,386 23,162 16 632 38948
Jefferson Davis, 9 2900 118 7.25 286 7,841 26,166 8 442 41927
Jefferson Davis, 10 3172 126 6.00 1,157 2,215 102,500 47 177 167100
Jefferson Davis, 11 3158 126 7.15 525 2,553 67,900 13 469 111800
Jefferson Davis, 12 3158 126 6.50 233 706 62,475 28 473 103100
Jefferson Davis, 13 2907 118 6.66 144 745 28,675 37 811 48239
Jefferson Davis, 14 2907 118 7.75 51 1,140 30,674 8 757 51468
Jefferson Davis, 15 2907 118 7.30 218 913 32,218 9 958 54085
Jefferson Davis, 16 2907 118 7.90 227 922 32,568 10 215 53665
Jefferson Davis, 17 2907 118 7.25 246 916 31,773 920 53303
Jefferson Davis, 18 2906 118 7.40 272 922 34,888 972 58484
Jefferson Davis, 19 2906 118 6.95 194 45 31,952 854 53544
Jefferson Davis, 20 3317 131 4.50 6,350 552 42 68 1076
Jefferson Davis, 21 3172 126 6.50 338 8,087 98,890 154 342 162500
Jefferson Davis, 22 3172 126 5.95 777 9,054 99,424 70 189 162400
Jefferson Davis, 23 3172 126 6.20 881 5,108 115,509 64 165 188600
Jefferson Davis, 24 3316 131 5.85 712 5,834 66,448 31 330 108900
Jefferson Davis, 25 3316 131 6.35 531 6,868 74,078 42 349 121300
Jefferson Davis, 26 3316 131 6.80 134 17,478 81,732 27 375 134200
Jefferson Davis, 27 2472 104 9.30 254 983 44,730 225 361 76000
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Density Na K Mg Ca Sr Ba Cl Br SO4 HCO3 Silica TDS, meas
Sample Location Depth (m) TdegC g/cm^3 pH mg/l mg/l mg/l mg/l mg/l mg/l mg/l g/ mg/l mg/l mg/l mg/l
Jefferson Davis, 28 2477 104 7.20 231 1,266 35,956 218 931 60530
Jefferson Davis, 29 2477 104 7.30 13 1,855 34,629 33 887 59530
Jefferson Davis, 30 2526 106 7.40 435 1,683 54,112 836 89703
Jefferson Davis, 31 2526 106 7.05 457 819 53,900 8 860 89396
Jefferson Davis, 32 2478 104 7.60 221 1,051 35,600 989 59736
Jefferson Davis, 33 2478 104 7.35 39 825 33,380 41 900 56142
Jefferson Davis, 34 1670 78 6.55 237 1,356 36,158 39 1,337 61185
Jefferson Davis, 35 3021 122 5.58 279 2,660 38,800 19 506 64267
Jefferson Davis, 36 1609 76 6.90 1,319 2,268 74,048 5 914 121800
Jefferson Davis, 37 1609 76 7.15 1,014 2,235 69,615 430 114100
Jefferson Davis, 38 1482 72 6.95 694 1,973 56,782 5 190 92932
Jefferson Davis, 39 1484 73 7.00 492 2,524 53,015 9 264 87051
Jefferson Davis, 40 2017 90 6.92 277 3,375 59,653 42 310 98229
Jefferson Davis, 41 1632 77 6.70 979 2,846 73,870 129 1 120600
Jefferson Davis, 42 1633 77 7.00 1,001 2,139 68,722 37 137 112200
Jefferson Davis, 43 1484 73 7.20 712 2,145 60,876 10 353 99919
Jefferson Davis, 44 1484 73 7.10 621 2,067 55,514 7 274 91042
Jefferson Davis, 45 2592 108 7.40 155 44,870 33 653 74553
Jefferson Davis, 46 2754 113 7.40 826 2,897 24,000 86 40634
Jefferson Davis, 47 2597 108 7.50 89 2,970 51,226 13 433 84621
Jefferson Davis, 48 2599 108 7.40 142 1,960 63,391 11 154 104200
Jefferson Davis, 49 2268 98 6.20 84 2,418 67,984 19 97 112100
Jefferson Davis, 50 2266 98 7.30 161 1,859 68,781 11 172 113300
Jefferson Davis, 51 2266 98 6.00 83 1,996 67,381 24 128 111100
Jefferson Davis, 52 2267 98 6.00 80 43 66,731 23 96 110000
Jefferson Davis, 53 2591 108 4.35 61 2,150 87 13 40 5 2680
Jefferson Davis, 54 2092 92 7.30 553 2,630 51,300 153 84016
Jefferson Davis, 55 1787 82 6.70 602 3,000 11.0 76,000 1 201 124700
Jefferson Davis, 56 2699 111 6.10 486 3,200 15.0 58,800 67 434 96753
Jefferson Davis, 57 2699 111 1.60 303 3,100 96.0 59,800 48 97939
Jefferson Davis, 58 2665 110 6.90 851 2,835 70,000 198 114500
Jefferson Davis, 59 2183 95 7.10 915 3,046 76,771 109 125500
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Density Na K Mg Ca Sr Ba Cl Br SO4 HCO3 Silica TDS, meas
Sample Location Depth (m) TdegC g/cm^3 pH mg/l mg/l mg/l mg/l mg/l mg/l mg/l g/ mg/l mg/l mg/l mg/l
Jefferson Davis, 60 2183 95 7.00 777 2,702 70,865 117 115800
Jefferson Davis, 61 2880 117 7.10 646 2,835 58,332 306 95622
Jefferson Davis, 62 2667 110 7.05 767 3,521 65,424 245 107100
Jefferson Davis, 63 2667 110 6.95 694 2,880 65,498 251 107200
Jefferson Davis, 64 2411 102 7.15 874 3,389 134,039 245 220100
Jefferson Davis, 65 2411 102 5.00 414 3,012 65,688 19 62 117000
Jefferson Davis, 66 2417 102 7.00 807 3,132 70,565 11 299 115600
Jefferson Davis, 67 2417 102 7.05 673 2,569 67,295 24 209 110200
Jefferson Davis, 68 2619 109 7.10 726 3,153 140,422 18 483 231200
Jefferson Davis, 69 2619 109 7.10 401 49 59,084 21 476 97271
Jefferson Davis, 70 2597 108 4.80 39 2,059 13 7 24 7 151
Jefferson Davis, 71 2590 108 7.00 570 2,096 55,335 17 473 91095
Jefferson Davis, 72 2587 108 6.90 481 2,337 58,930 8 508 97129
Jefferson Davis, 73 3866 149 6.90 333 1,295 34,532 432 56874
Jefferson Davis, 74 3773 146 6.88 138 384 25,363 413 42062
Jefferson Davis, 75 25 7.50 19,688 322 12 2.4 0.9 31,240 373 976 53016
Jefferson Davis, 76 3725 144 7.30 6,388 21 9 157 12.1 0.6 7,100 0 451 927 19 14969
Jefferson Davis, 77 3725 144 7.15 9,970 338 24 103 5.5 0.5 15,975 0 825 1,952 41 29370
Jefferson Davis, 78 3723 144 8.10 8,912 62 14 5 0.3 12,425 542 2,098 79 24310
Jefferson Davis, 79 3475 136 5.50 40 0 1 78 3.6 71 73 200
Jefferson Davis, 80 3753 145 7.50 9,560 39 12 32,320 500.0 11,715 1,734 2,074 36 25420
Jefferson Davis, 81 3094 124 6.05 71,075 2,624 6,680 174,803 54 281400
Jefferson Davis, 82 4432 167 6.20 586 7,160 68,400 180 238 111800
Jefferson Davis, 83 4432 167 6.10 634 6,520 71,600 130 262 117000
Jefferson Davis, 84 4432 167 6.40 488 6,960 68,800 170 273 112600
Jefferson Davis, 85 4432 167 6.10 537 580 69,700 130 495 114300
Jefferson Davis, 86 3985 153 6.60 17,850 75 360 27,974 0 529 952 48061
Jefferson Davis, 87 3969 152 7.30 18,034 61 424 148.8 2.7 28,187 0 373 488 47563
Jefferson Davis, 88 3980 152 7.00 17,914 74 73 363 105.1 28,045 0 0 1,171 68 48008
Jefferson Davis, 89 3969 152 7.30 17,740 84 63 544 27,690 0 308 805 31 47268
Jefferson Davis, 90 4000 153 7.40 17,848 97 384 27,832 0 564 976 47916
Jefferson Davis, 91 3971 152 7.10 11,857 58 498 126.0 18,460 0 360 732 31894
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Density Na K Mg Ca Sr Ba Cl Br SO4 HCO3 Silica TDS, meas
Sample Location Depth (m) TdegC g/cm^3 pH mg/l mg/l mg/l mg/l mg/l mg/l mg/l g/ mg/l mg/l mg/l mg/l
Jefferson Davis, 92 3971 152 7.30 17,731 124 75 444 75.4 29,110 0 451 854 82 49155
Jefferson Davis, 93 3971 152 7.70 18,719 78 62 580 30,175 0 438 952 69 51153
Jefferson Davis, 94 4052 155 7.40 18,711 101 572 29,110 642 1,269 50471
Jefferson Davis, 95 4052 155 7.30 18,689 101 4,200 29,110 538 1,171 50234
Jefferson Davis, 96 4023 154 4.20 17,929 1,094 883 38,695 481 62759
Jefferson Davis, 97 2500 105 7.40 226 1,094 37,380 175 853 62728
Jefferson Davis, 98 2500 105 7.30 91 2,593 35,165 41 822 58925
Jefferson Davis, 99 2064 91 7.10 1,469 2,746 61,054 364 99467
Jefferson Davis, 10 2063 91 6.95 725 3,129 58,727 26 336 96269
Jefferson Davis, 10 1609 76 7.10 966 2,660 74,760 75 122000
Jefferson Davis, 10 1609 76 6.95 855 4,720 69,972 267 114600
Jefferson Davis, 10 4022 154 7.20 29,313 246 488 2,140 54,600 0 490 265 90552
Jefferson Davis, 10 1826 83 6.40 47,371 188 500 848 65.4 77,300 0 1,300 598 129400
Jefferson Davis, 10 2037 90 6.90 7,773 65 71 64 10,579 4,636 3,050 60 27198
Jefferson Davis, 106 8.20 9,603 18 181 5.9 7,810 2,825 20343
Jefferson Davis, 10 4070 155 7.00 947 19 3 20 0.7 852 10 366 81 2290
Jefferson Davis, 10 4070 155 41 0 0 21,319 457.9 85 4.2 173
Jefferson Davis, 10 4070 155 4.80 47,131 639 1,142 13,713 973.4 300.0 117,150 0 49 67 189700
Jefferson Davis, 11 4070 155 5.00 29,404 422 707 9,000 740.6 162.5 73,485 0 3 73 37 119300
Jefferson Davis, 11 4070 155 5.70 25,658 441 574 117 1.9 57,155 0 220 48 94100
Jefferson Davis, 11 4059 155 7.10 469 4 0 168 11.4 3.8 142 16 390 98 1050
Jefferson Davis, 113 7.00 718 21 9 15,896 1,349 8 244 24 2558
Jefferson Davis, 11 3943 151 48,427 671 1,232 117,150 185600
Jefferson Davis, 11 4170 158 53 2.0 1.1 3,266
Jefferson Davis, 11 4169 158 125 2 3 108 0.3 284 17 490
Vermilion, 1 4306 163 7.10 25 1 2 3,395 111.4 14.7 78 3 427 9.9 451
Vermilion, 2 4465 168 5.00 2,538 152 220 1,953 493.4 11,289 23 171 100 18054
Vermilion, 3 4465 168 6.90 21,986 466 236 1,975 569.3 15.9 39,405 15 101 305 85 65102
Vermilion, 4 4465 168 6.90 25,115 515 195 1,827 265.9 8.8 42,955 25 67 366 29 71700
Vermilion, 5 4465 168 7.40 27,099 455 235 1,608 235.6 14.8 44,730 25 50 195 34 75073
Vermilion, 6 4465 168 6.90 24,398 423 221 339 66.4 16.1 41,890 12 50 146 20 69141
Vermilion, 7 4306 163 5.90 7,563 478 66 836 245.8 34.9 13,135 10 8 14 21700
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Density Na K Mg Ca Sr Ba Cl Br SO4 HCO3 Silica TDS, meas
Sample Location Depth (m) TdegC g/cm^3 pH mg/l mg/l mg/l mg/l mg/l mg/l mg/l g/ mg/l mg/l mg/l mg/l
Vermilion, 8 4306 163 6.70 21,163 292 102 2,640 33,725 36 464 54 57042
Vermilion, 9 4588 172 6.50 24,502 729 2,252 574.3 15.1 44,375 88 390 72777
Vermilion, 10 4588 172 6.90 26,648 396 266 2,480 42,955 50 35 317 86 73654
Vermilion, 11 4476 168 6.10 25,721 291 2,320 44,730 90 342 73710
Vermilion, 12 4488 169 6.70 25,781 97 21,968 379.4 44,020 123 159 72551
Vermilion, 13 4473 168 3.30 14,073 1,460 1,419 10,371 531.0 78,455 745 121400
Vermilion, 14 4447 167 4.60 23,184 464 981 35 2.3 3.5 60,350 186 122 96744
Vermilion, 15 4447 167 6.00 128 3 3 3,552 227 244 3.4 677
Vermilion, 16 3376 133 6.60 42,582 653 3,250 588.7 3.9 73,272 154 793 121000
Vermilion, 17 3376 133 7.30 43,022 209 699 2,720 70,290 100 399 769 33 119000
Vermilion, 18 4531 170 6.10 23,920 321 462 2,391 563.2 13.9 42,955 50 244 70413
Vermilion, 19 4531 170 6.80 25,501 394 260 2,216 617.2 17.9 45,440 10 37 293 79 74800
Vermilion, 20 4531 170 6.65 27,235 1 258 9 0.3 46,860 5 191 268 30 78000
Vermilion, 21 3676 143 6.10 35 207 2 1,878 478.7 355 976 1382
Vermilion, 22 3735 145 7.10 32,193 180 337 1,225 420.7 51,830 38 164 805 22 88028
Vermilion, 23 3766 146 7.10 39,433 68 289 3,336 270.7 11.4 60,705 25 797 744 34 103900
Vermilion, 24 4771 178 4.80 13,287 279 26,980 25 7 37 36 44373
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APPENDIX B.  QUICKIEPT2002 CALCULATED ACTIVITIES FOR SIX-PARISH
REGION OF SOUTHWEST LOUISIANA
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QuickiePT2002 Calculated Activities for Six-Parish Region of Southwest Louisiana
Sample Location aH aNa aK aMg aCa aSr aBa aCl aSO4 aHCO3 aCO3
Allen Parish, 1 3.16E-08 4.77E-04 5.55E-04 2.42E-01 1.08E-04 3.47E-02 5.03E-05
Allen Parish, 2 1.58E-07 4.99E-03 1.03E-02 7.75E-01 1.20E-03 3.48E-07
Allen Parish, 3 1.00E+00 8.22E-01 6.59E-03 9.30E-03 9.00E-01 1.56E-03 7.16E-14
Allen Parish, 4 1.00E+00 8.42E-01 4.81E-03 1.22E-02 9.24E-01 1.56E-03 7.15E-14
Allen Parish, 5 1.00E+00 5.37E-01 2.42E-03 5.52E-03 5.69E-01 6.36E-03 2.91E-13
Allen Parish, 6 1.00E+00 1.02E+00 6.68E-03 1.26E-02 1.12E+00 7.74E-04 3.55E-14
Allen Parish, 7 1.00E+00 1.07E+00 4.18E-03 1.34E-02 1.15E+00 1.56E-03 7.16E-14
Allen Parish, 8 1.58E-07 7.68E-03 1.01E-02 1.05E+00 7.32E-04 2.12E-07
Allen Parish, 9 1.00E+00 8.83E-01 6.12E-03 9.85E-03 9.54E-01 3.14E-03 1.44E-13
Allen Parish, 10 1.00E+00 1.05E+00 5.11E-03 1.27E-02 1.14E+00 1.56E-03 7.13E-14
Allen Parish, 11 3.16E-08 4.87E-01 1.42E-02 1.32E-04 9.29E-04 4.62E-01 1.11E-03 1.74E-02 2.53E-05
Allen Parish, 12 3.98E-08 2.95E-01 4.72E-03 8.11E-04 1.93E-03 3.09E-01 8.70E-05 9.00E-03 1.04E-05
Allen Parish, 13 7.94E-08 2.74E-01 2.60E-03 6.30E-04 1.64E-03 2.83E-01 5.67E-05 6.87E-03 3.96E-06
Allen Parish, 14 5.01E-08 2.47E-01 2.24E-03 4.45E-04 1.14E-03 2.51E-01 1.92E-04 1.09E-02 9.93E-06
Allen Parish, 15 1.26E-07 2.12E-01 1.72E-03 1.33E-03 2.73E-03 2.29E-01 1.30E-04 1.26E-02 4.59E-06
Beaugard, 1 2.09E-07 9.27E-08 3.24E-07 2.18E-04 3.00E-04 5.22E-04 1.14E-07
Beauregard, 2 6.03E-08 2.34E-03 2.57E-03 2.94E-01 3.91E-05 2.11E-02 1.60E-05
Beauregard, 3 5.25E-08 1.35E-03 2.00E-03 3.00E-01 1.72E-05 1.35E-02 1.18E-05
Beauregard, 4 6.31E-08 2.89E-04 1.95E-03 3.09E-01 1.60E-05 1.42E-02 1.03E-05
Beauregard, 5 2.24E-08 2.79E-04 1.67E-03 3.09E-01 2.08E-05 1.36E-02 2.78E-05
Beauregard, 6 5.01E-09 5.78E-04 2.87E-01 2.82E-05 6.32E-03 5.77E-05
Beauregard, 9 3.16E-08 1.26E-03 6.78E-04 1.52E-01 1.92E-05 3.50E-02 5.07E-05
Beauregard, 10 7.59E-08 1.50E-04 2.60E-04 2.08E-01 3.13E-04 3.38E-02 2.04E-05
Beauregard, 11 1.12E-08 2.23E-04 5.06E-04 1.94E-01 1.70E-04 3.35E-02 1.37E-04
Beauregard, 12 6.31E-09 8.19E-05 2.56E-04 1.63E-01 3.90E-04 3.13E-02 2.27E-04
Beauregard, 13 3.31E-08 2.22E-04 3.84E-04 2.34E-01 5.50E-04 4.28E-02 5.92E-05
Beauregard, 14 8.91E-09 1.56E-04 3.29E-04 1.60E-01 3.81E-06 3.05E-02 1.57E-04
Beauregard, 15 3.16E-08 7.08E-04 1.20E-03 3.88E-01 1.75E-04 4.91E-02 7.11E-05
Calcasieu, 1 10.00E-12 2.19E+00 5.84E-03 2.08E+00 8.65E-04
Calcasieu, 2 4.47E-08 9.09E-01 5.23E-03 1.24E-02 9.96E-01 9.34E-04 9.58E-07
Calcasieu, 3 1.00E-07 8.65E-01 4.37E-03 1.36E-02 9.57E-01 3.74E-06 7.25E-04 3.32E-07
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Sample Location aH aNa aK aMg aCa aSr aBa aCl aSO4 aHCO3 aCO3
Calcasieu, 4 3.98E-07 9.33E-01 7.29E-03 1.08E-02 1.02E+00 2.23E-05 3.35E-04 3.85E-08
Calcasieu, 5 6.31E-07 8.48E-01 2.38E-03 1.45E-03 8.39E-01 1.34E-05 9.60E-04 6.97E-08
Calcasieu, 6 2.00E-07 9.43E-01 6.44E-03 1.15E-02 1.03E+00 1.57E-05 5.84E-04 1.34E-07
Calcasieu, 7 6.31E-05 9.07E-01 9.76E-03 7.48E-03 9.86E-01
Calcasieu, 8 1.12E-07 8.73E-01 5.85E-03 1.19E-02 9.62E-01 3.85E-04 1.57E-07
Calcasieu, 9 10.00E-07 9.33E-01 8.44E-03 9.38E-03 1.02E+00 2.23E-05 1.90E-04 8.71E-09
Calcasieu, 10 6.31E-05 9.61E-01 4.27E-03 1.15E-02 1.04E+00
Calcasieu, 11 1.00E-07 1.01E+00 5.29E-03 1.24E-02 9.91E-01 6.76E-04 3.10E-07
Calcasieu, 12 1.00E-03 9.86E-01 5.70E-03 1.29E-02 1.08E+00
Calcasieu, 13 1.12E-06 1.07E+00 6.87E-03 1.27E-02 1.17E+00 2.15E-04 8.77E-09
Calcasieu, 14 1.41E-07 9.51E-01 5.70E-03 1.35E-02 1.05E+00 5.29E-04 1.72E-07
Calcasieu, 15 1.00E-07 9.25E-01 7.46E-03 1.03E-02 1.01E+00 1.29E-05 1.29E-03 5.93E-07
Calcasieu, 16 1.15E-07 9.73E-01 4.68E-03 1.23E-02 1.05E+00 1.10E-03 4.40E-07
Calcasieu, 17 7.94E-08 9.03E-01 4.68E-03 1.26E-02 9.57E-01 1.26E-03 7.24E-07
Calcasieu, 18 1.00E+00 7.11E-01 3.36E-03 4.82E-03 7.37E-01 2.60E-05 1.58E-03 7.25E-14
Calcasieu, 19 1.00E+00 1.08E+00 5.00E-03 1.15E-02 1.14E+00 1.27E-05
Calcasieu, 20 1.00E+00 1.22E+00 5.86E-03 1.19E-02 1.27E+00 6.57E-06 1.59E-03 7.27E-14
Calcasieu, 21 3.16E-06 9.39E-01 2.99E-03 5.08E-03 1.12E-02 5.35E-05 1.03E+00 2.59E-03 3.75E-08
Calcasieu, 22 1.26E-08 1.62E+00 8.06E-03 3.10E-02 1.85E+00 1.49E-05 1.54E-03 5.60E-06
Calcasieu, 23 3.98E-07 1.72E+00 6.25E-03 1.93E-02 1.83E+00 4.97E-05 3.70E-03 4.25E-07
Calcasieu, 24 5.01E-07 1.02E+00 6.57E-03 1.41E-02 1.13E+00 2.18E-05 3.36E-03 3.07E-07
Calcasieu, 25 4.47E-07 1.71E+00 7.41E-06 1.58E-05 1.63E+00 2.33E-05 9.30E-03 9.53E-07
Calcasieu, 26 5.25E-07 1.42E+00 7.63E-03 2.73E-02 1.62E+00 2.41E-05 1.84E-03 1.61E-07
Calcasieu, 27 6.31E-08 4.21E-01 4.83E-04 4.12E-03 4.37E-01 6.99E-06 4.88E-03 3.54E-06
Calcasieu, 28 5.01E-06 1.80E+00 9.21E-03 3.82E-02 2.10E+00 5.76E-06 8.21E-04 7.50E-09
Calcasieu, 29 2.51E-08 9.17E-01 1.87E-03 7.61E-03 9.40E-01 2.08E-04 4.06E-03 7.39E-06
Calcasieu, 30 3.16E-09 8.56E-01 1.37E-03 7.54E-03 8.75E-01 2.46E-04 2.62E-03 3.80E-05
Calcasieu, 31 1.12E-07 4.94E-01 8.98E-03 3.58E-03 5.54E-01 1.45E-04 8.16E-03 3.33E-06
Calcasieu, 32 1.78E-08 5.33E-01 2.72E-03 3.58E-03 5.49E-01 2.14E-04 8.09E-03 2.08E-05
Calcasieu, 33 6.31E-08 1.08E+00 7.34E-03 1.07E-02 1.16E+00 1.97E-03 1.43E-06
Calcasieu, 34 7.08E-08 1.05E+00 5.15E-03 1.19E-02 1.13E+00 1.78E-03 1.15E-06
Calcasieu, 35 1.58E-07 1.36E+00 7.27E-03 9.47E-03 1.41E+00 7.65E-04 2.21E-07
Calcasieu, 36 8.91E-08 1.31E+00 5.50E-03 1.13E-02 1.37E+00 9.73E-04 5.00E-07
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Sample Location aH aNa aK aMg aCa aSr aBa aCl aSO4 aHCO3 aCO3
Calcasieu, 37 6.31E-08 1.29E+00 1.05E-02 9.84E-03 1.38E+00 1.85E-03 1.34E-06
Calcasieu, 38 8.91E-08 1.30E+00 5.60E-03 1.17E-02 1.36E+00 2.08E-03 1.07E-06
Calcasieu, 39 6.61E-08 1.33E+00 6.88E-03 1.04E-02 1.39E+00 1.98E-06 1.62E-03 1.13E-06
Calcasieu, 40 1.00E-07 1.26E+00 6.95E-03 1.04E-02 1.33E+00 1.66E-03 7.58E-07
Calcasieu, 41 5.62E-08 1.31E+00 3.46E-03 1.44E-02 1.38E+00 9.11E-04 7.42E-07
Calcasieu, 42 8.91E-08 1.33E+00 6.27E-03 1.04E-02 1.39E+00 1.26E-03 6.50E-07
Calcasieu, 43 1.00E-07 1.25E+00 4.89E-03 1.25E-02 1.32E+00 1.09E-03 5.00E-07
Calcasieu, 44 7.94E-08 1.31E+00 5.64E-03 8.42E-03 1.35E+00 1.27E-03 7.33E-07
Calcasieu, 45 7.08E-08 1.38E+00 6.78E-03 1.08E-02 1.44E+00 1.25E-03 8.10E-07
Calcasieu, 46 2.00E-07 1.24E+00 1.75E-03 8.42E-03 1.26E+00 9.06E-06 3.11E-03 7.14E-07
Calcasieu, 47 3.98E-08 1.37E+00 7.76E-03 7.96E-03 1.42E+00 2.91E-03 3.34E-06
Calcasieu, 48 7.94E-08 1.28E+00 6.78E-03 9.93E-03 1.34E+00 2.82E-03 1.63E-06
Calcasieu, 49 1.00E-07 1.36E+00 6.69E-03 9.85E-03 1.42E+00 1.23E-03 5.61E-07
Calcasieu, 50 7.08E-08 1.30E+00 6.04E-03 1.00E-02 1.36E+00 3.76E-06 1.25E-03 8.06E-07
Calcasieu, 51 2.82E-08 6.12E-01 5.54E-04 1.20E-03 6.07E-01 1.42E-05 2.20E-03 3.58E-06
Calcasieu, 52 1.26E-07 4.43E+00 5.40E-03 1.09E-02 4.29E+00 2.35E-06 2.92E-04 1.06E-07
Calcasieu, 53 1.26E-07 5.11E+00 4.69E-03 8.32E-03 4.89E+00 1.13E-05 6.34E-04 2.31E-07
Calcasieu, 54 1.26E-07 3.95E-03 1.29E-02 3.22E+00 1.04E-03 3.76E-07
Calcasieu, 55 1.12E-07 8.49E-03 1.21E-02 3.18E+00 7.44E-04 3.04E-07
Calcasieu, 56 1.41E-07 4.49E+00 1.52E-03 1.06E-02 4.29E+00 6.75E-05 4.21E-04 1.36E-07
Calcasieu, 57 2.00E-07 4.13E+00 3.23E-03 1.10E-02 3.98E+00 3.98E-06 1.22E-03 2.81E-07
Calcasieu, 58 5.62E-08 3.78E+00 2.13E-03 5.54E-03 3.59E+00 1.26E-04 1.36E-03 1.10E-06
Calcasieu, 59 1.00E+00 1.35E+00 7.23E-03 1.15E-02 1.43E+00
Calcasieu, 60 1.00E+00 1.09E+00 5.52E-03 1.17E-02 1.17E+00
Calcasieu, 61 1.00E+00 1.20E+00 5.84E-03 8.71E-03 1.25E+00
Calcasieu, 62 1.00E-07 1.11E+00 2.18E-03 9.12E-03 1.14E+00 1.48E-05 6.95E-03 3.18E-06
Calcasieu, 63 1.26E-07 1.12E+00 5.33E-03 3.12E-03 8.46E-03 4.04E-05 1.08E+00 1.07E-05 5.21E-03 1.90E-06
Calcasieu, 64 6.31E-08 1.12E+00 5.34E-03 3.15E-03 8.80E-03 2.31E-05 1.08E+00 1.06E-05 4.96E-03 3.60E-06
Calcasieu, 65 3.98E-08 4.29E-01 2.52E-04 1.58E-03 4.26E-01 1.01E-05 5.63E-03 6.48E-06
Calcasieu, 66 9.77E-08 1.34E+00 7.92E-03 8.95E-03 1.40E+00 6.33E-04 2.97E-07
Calcasieu, 67 6.31E-08 1.34E+00 8.33E-03 9.20E-03 1.40E+00 1.29E-05 1.58E-03 1.14E-06
Calcasieu, 68 7.08E-08 1.26E+00 5.33E-03 1.08E-02 1.32E+00 1.49E-03 9.61E-07
Calcasieu, 69 1.00E-07 1.31E+00 9.48E-03 1.07E-02 1.39E+00 1.36E-03 6.25E-07
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Sample Location aH aNa aK aMg aCa aSr aBa aCl aSO4 aHCO3 aCO3
Calcasieu, 70 7.08E-08 1.22E+00 4.70E-03 1.27E-02 1.29E+00 1.08E-03 6.99E-07
Calcasieu, 71 6.31E-08 8.36E-01 1.49E-03 7.98E-03 8.67E-01 3.59E-05 3.88E-03 2.81E-06
Calcasieu, 72 5.01E-08 1.32E+00 6.03E-04 1.67E-02 1.39E+00 3.69E-05 1.61E-03 1.47E-06
Calcasieu, 73 6.61E-08 1.33E+00 6.27E-03 1.04E-02 1.39E+00 1.42E-06 1.04E-03 7.23E-07
Calcasieu, 74 1.00E-07 1.24E+00 5.86E-03 1.09E-02 1.30E+00 2.07E-06 7.52E-04 3.44E-07
Calcasieu, 75 1.00E-07 1.36E+00 6.54E-03 1.01E-02 1.42E+00 2.82E-06 6.78E-04 3.10E-07
Calcasieu, 76 6.31E-08 1.22E+00 6.03E-03 1.19E-02 1.29E+00 8.35E-04 6.06E-07
Calcasieu, 77 1.58E-07 1.13E+00 2.94E-03 1.05E-02 1.18E+00 6.23E-05 3.87E-03 1.12E-06
Calcasieu, 78 1.00E-07 1.11E+00 5.46E-03 3.12E-03 9.16E-03 3.16E-05 1.08E+00 1.20E-04 3.81E-03 1.74E-06
Calcasieu, 79 5.01E-08 1.11E+00 4.28E-03 8.24E-03 1.09E-02 1.20E+00 3.93E-06 8.77E-04 8.02E-07
Calcasieu, 80 3.16E-08 2.59E-01 1.32E-03 4.66E-04 1.56E-03 2.59E-01 6.17E-05 6.21E-03 8.99E-06
Calcasieu, 81 3.98E-08 2.85E-01 8.34E-04 3.64E-04 1.17E-03 5.33E-05 2.59E-01 5.56E-05 6.46E-03 7.43E-06
Calcasieu, 82 2.00E-07 5.76E-01 2.06E-03 2.38E-03 6.98E-03 5.42E-05 6.52E-01 8.62E-05 4.37E-03 1.00E-06
Calcasieu, 83 1.26E-07 2.13E-01 9.31E-04 4.84E-04 2.33E-03 3.96E-05 2.48E-01 5.25E-05 2.66E-03 9.66E-07
Calcasieu, 84 1.12E-07 6.32E-01 2.75E-03 1.60E-03 6.36E-01 8.95E-04 3.65E-07
Calcasieu, 85 1.00E+00 4.97E-01 8.52E-04 1.41E-03 4.90E-01 1.58E-03 7.24E-14
Calcasieu, 86 3.98E-07 8.68E-01 6.38E-03 4.09E-03 1.56E-02 1.02E+00 1.08E-04 1.25E-03 1.43E-07
Calcasieu, 87 1.58E-07 1.33E+00 9.57E-03 1.01E-02 1.41E+00 9.18E-06 1.58E-03 4.58E-07
Calcasieu, 88 3.98E-07 1.23E+00 1.07E-02 8.11E-03 1.31E+00 8.67E-06 3.17E-03 3.64E-07
Calcasieu, 89 3.16E-07 1.31E+00 9.22E-03 1.07E-02 1.39E+00 1.63E-05 3.16E-03 4.57E-07
Calcasieu, 90 1.26E-07 1.36E+00 5.71E-03 1.09E-02 1.42E+00 1.98E-06 4.11E-03 1.49E-06
Calcasieu, 91 3.55E-07 1.22E+00 5.56E-03 1.09E-02 1.28E+00 1.19E-03 1.53E-07
Calcasieu, 92 2.51E-07 6.66E-01 3.43E-03 7.96E-03 7.18E-01 6.72E-05 1.06E-02 1.94E-06
Calcasieu, 93 2.00E-07 1.41E+00 7.77E-03 1.29E-02 1.36E+00 1.35E-03 3.09E-07
Calcasieu, 94 1.00E-07 8.17E-01 3.38E-03 7.54E-03 8.58E-01 6.66E-05 1.16E-02 5.32E-06
Calcasieu, 95 1.58E-07 1.29E+00 5.05E-03 8.63E-03 1.27E-02 9.30E-05 1.32E+00 1.35E-03 3.90E-07
Calcasieu, 96 1.00E-07 1.39E+00 3.83E-03 6.65E-03 1.14E-02 8.06E-05 1.36E+00 8.92E-04 4.09E-07
Calcasieu, 97 1.00E-07 7.83E-01 4.84E-03 5.87E-03 8.23E-01 4.36E-05 1.20E-02 5.49E-06
Calcasieu, 98 5.01E-08 8.56E-01 2.78E-03 3.48E-03 5.80E-03 7.23E-06 8.62E-01 3.84E-05 7.34E-03 6.70E-06
Calcasieu, 99 1.00E-07 9.30E-01 2.72E-03 2.71E-03 5.29E-03 6.87E-06 8.77E-01 2.97E-05 6.28E-03 2.88E-06
Calcasieu, 100 5.01E-08 8.83E-01 2.63E-03 2.69E-03 5.99E-03 1.64E-05 9.53E-01 4.52E-05 8.47E-03 7.74E-06
Calcasieu, 101 1.00E+00 1.10E+00 7.16E-03 1.49E-02 1.21E+00 2.31E-03 1.06E-13
Calcasieu, 102 1.00E+00 1.22E+00 6.62E-03 1.57E-02 1.33E+00 1.54E-03 7.07E-14
208
Sample Location aH aNa aK aMg aCa aSr aBa aCl aSO4 aHCO3 aCO3
Calcasieu, 103 1.00E+00 6.45E-01 5.12E-03 5.48E-03 6.89E-01
Calcasieu, 104 1.00E+00 1.23E+00 7.75E-03 1.69E-02 6.77E-05 1.36E+00 2.09E-06 7.70E-04 3.52E-14
Calcasieu, 105 1.00E+00 1.23E+00 7.71E-03 1.70E-02 6.29E-05 1.36E+00 1.63E-06 8.14E-04 3.73E-14
Calcasieu, 106 1.00E+00 1.14E+00 7.71E-03 1.63E-02 1.09E-04 1.27E+00 1.31E-07 5.76E-04 2.64E-14
Calcasieu, 107 1.00E+00 1.28E+00 7.30E-03 1.61E-02 1.38E+00 2.58E-05
Calcasieu, 108 1.00E-07 9.31E-01 3.30E-03 4.42E-03 1.04E-02 3.10E-05 1.01E+00 7.86E-06 2.61E-03 1.19E-06
Calcasieu, 109 2.00E-07 9.79E-01 4.90E-03 1.02E-02 1.05E+00 8.99E-06 4.25E-03 9.75E-07
Calcasieu, 110 5.01E-08 1.02E+00 3.58E-03 5.43E-03 9.20E-03 4.22E-05 1.01E+00 2.19E-05 3.54E-03 3.23E-06
Calcasieu, 111 5.01E-08 5.91E-01 1.67E-03 2.88E-03 5.90E-03 2.94E-05 6.08E-01 1.47E-05 5.66E-03 5.17E-06
Calcasieu, 112 1.00E+00 1.62E+00 6.50E-03 1.24E-02 1.65E+00 2.51E-05
Calcasieu, 113 1.58E-07 7.98E-01 2.17E-03 5.21E-03 8.13E-01 1.44E-04 1.51E-03 4.37E-07
Calcasieu, 114 1.58E-04 9.54E-01 3.98E-03 9.06E-03 1.00E+00 8.61E-05
Calcasieu, 115 5.01E-07 6.11E-01 2.27E-03 4.18E-03 6.30E-01 7.82E-05 1.81E-03 1.66E-07
Calcasieu, 116 1.26E-04 5.52E-01 2.29E-03 3.61E-03 5.69E-01 5.98E-05 6.88E-04 2.50E-10
Calcasieu, 117 3.98E-08 1.87E-01 1.17E-03 4.11E-04 8.41E-04 1.88E-01 2.14E-04 1.09E-02 1.25E-05
Calcasieu, 118 2.00E-08 1.90E-01 1.54E-03 1.74E-04 7.86E-04 1.97E-01 1.87E-04 8.27E-03 1.90E-05
Calcasieu, 119 2.00E-08 1.62E-01 1.00E-03 1.23E-04 3.23E-04 1.65E-01 2.29E-04 9.61E-03 2.21E-05
Calcasieu, 120 2.00E-08 2.49E-01 8.06E-04 1.89E-04 4.85E-04 6.90E-05 2.46E-01 1.67E-04 2.71E-02 6.23E-05
Calcasieu, 121 3.16E-08 1.88E-01 4.32E-04 7.41E-04 1.88E-01 1.71E-04 7.96E-03 1.15E-05
Calcasieu, 122 2.00E-08 1.84E-01 1.60E-03 2.11E-04 6.88E-04 1.94E-01 1.40E-04 7.96E-03 1.83E-05
Calcasieu, 123 2.00E-08 1.62E-01 1.47E-03 1.35E-04 3.71E-04 1.70E-01 2.97E-04 9.08E-03 2.08E-05
Calcasieu, 124 5.01E-06 7.24E-02 3.14E-04 1.86E-04 6.75E-04 8.23E-02 3.58E-05 9.64E-04 8.81E-09
Calcasieu, 125 1.00E-07 4.97E-01 3.45E-03 9.39E-04 3.39E-03 5.42E-01 1.01E-04 5.56E-03 2.54E-06
Calcasieu, 126 1.00E+00 2.37E-01 1.02E-03 2.21E-04 6.27E-04 2.40E-01 1.17E-02 5.37E-13
Calcasieu, 127 1.00E+00 2.64E-01 1.13E-03 4.56E-04 1.19E-03 2.78E-01 1.12E-02 5.14E-13
Cameron, 1 1.00E+00 2.72E+00 5.03E-03 7.59E-03 2.27E-02 5.14E-04 2.82E+00
Cameron, 2 1.58E-05 4.02E+00 1.09E-02 3.39E-02 4.14E+00 3.55E-04 1.02E-09
Cameron, 3 10.00E-07 1.81E+00 6.80E-03 2.28E-02 1.94E-01 1.03E-03 4.70E-08
Cameron, 4 1.26E-06 1.62E+00 6.24E-03 1.78E-02 1.72E+00 1.79E-03 6.50E-08
Cameron, 5 1.00E-07 9.41E-01 1.49E-03 2.97E-02 1.13E+00 3.28E-03 1.50E-06
Cameron, 6 1.26E-08 3.18E-01 5.18E-04 6.86E-04 1.89E-01 3.20E-02 1.16E-04
Cameron, 7 5.01E-07 2.05E+00 4.70E-03 8.99E-03 2.03E+00 2.95E-03 2.70E-07
Cameron, 8 5.01E-07 1.92E+00 5.11E-03 1.29E-02 1.94E+00 2.28E-03 2.09E-07
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Sample Location aH aNa aK aMg aCa aSr aBa aCl aSO4 aHCO3 aCO3
Cameron, 9 6.31E-07 1.29E+00 2.02E-03 5.42E-03 8.57E-03 2.57E-04 1.39E+00 9.67E-05 7.02E-09
Cameron, 10 3.16E-07 1.34E+00 6.07E-03 1.01E-02 1.40E+00 1.01E-03 1.46E-07
Cameron, 11 2.51E-07 1.37E+00 2.12E-03 5.62E-03 9.92E-03 2.64E-04 1.46E+00 9.81E-04 1.79E-07
Cameron, 12 2.00E-07 1.34E+00 5.89E-03 1.12E-02 1.41E+00 7.36E-04 1.69E-07
Cameron, 13 1.58E-07 1.31E+00 5.31E-03 1.96E-02 1.43E+00 2.85E-03 8.24E-07
Cameron, 14 2.00E-07 1.25E+00 7.75E-03 5.28E-03 1.44E-03 1.34E-03 1.37E+00 2.24E-03 5.15E-07
Cameron, 15 1.58E-07 1.27E+00 6.90E-03 4.54E-03 1.64E-02 1.20E-03 1.37E+00 3.02E-03 8.73E-07
Cameron, 16 5.01E-08 1.18E+00 5.39E-03 3.05E-03 1.14E-02 6.93E-04 8.32E-06 1.25E+00 3.88E-03 3.54E-06
Cameron, 17 2.00E-06 8.82E-01 4.09E-03 3.77E-03 9.13E-03 1.00E-03 4.81E-06 9.73E-01 3.94E-03 9.05E-08
Cameron, 18 3.16E-06 5.72E-01 3.19E-03 2.65E-03 1.13E-02 7.28E-04 6.70E-01 1.27E-03 1.84E-08
Cameron, 19 7.94E-08 1.43E+00 4.76E-03 4.08E-03 1.48E-02 1.10E-03 7.26E-06 1.43E+00 3.04E-03 1.75E-06
Cameron, 20 1.26E-08 1.31E+00 3.73E-03 1.14E-02 1.36E+00 3.37E-03 1.23E-05
Cameron, 21 1.26E-07 1.39E+00 2.91E-04 5.36E-03 9.92E-03 7.34E-05 6.61E-05 2.08E-03 7.56E-07
Cameron, 22 3.16E-08 1.54E+00 6.37E-03 1.56E-02 1.63E+00 2.53E-03 3.67E-06
Cameron, 23 1.26E-07 1.44E+00 2.99E-03 4.93E-03 9.55E-03 7.32E-05 5.69E-05 1.41E+00 2.67E-03 9.70E-07
Cameron, 24 2.51E-08 1.31E+00 3.92E-03 1.14E-02 1.36E+00 3.26E-03 5.94E-06
Cameron, 25 2.00E-07 1.40E+00 2.85E-03 4.75E-03 9.01E-03 6.91E-05 5.66E-05 1.34E+00 2.75E-03 6.32E-07
Cameron, 26 2.51E-08 1.30E+00 3.74E-03 1.15E-02 1.36E+00 3.12E-03 5.69E-06
Cameron, 27 1.58E-07 1.44E+00 3.47E-03 4.96E-03 8.90E-03 5.98E-05 1.37E+00 2.29E-03 6.61E-07
Cameron, 28 7.94E-08 3.96E-01 1.83E-03 1.34E-03 4.17E-03 4.36E-04 4.20E-01 3.86E-03 2.22E-06
Cameron, 29 3.98E-08 9.38E-01 4.29E-03 3.11E-03 6.48E-03 9.69E-01 3.00E-03 3.45E-06
Cameron, 30 10.00E-09 1.24E+00 3.51E-03 4.16E-03 8.94E-03 1.34E+00 2.53E-03 1.16E-05
Cameron, 31 3.16E-08 1.22E+00 3.46E-03 4.10E-03 8.76E-03 1.33E+00 2.84E-03 4.11E-06
Cameron, 32 2.00E-07 1.32E+00 3.58E-03 4.65E-03 8.92E-03 2.42E-04 1.36E+00 1.27E-03 2.92E-07
Cameron, 33 10.00E-07 6.82E-01 4.43E-03 2.33E-03 7.30E-03 1.33E-05 7.29E-01 1.65E-03 7.55E-08
Cameron, 34 7.94E-06 3.35E-02 2.29E-04 4.82E-04 1.12E-03 8.35E-05 3.91E-02 5.41E-04 3.12E-09
Cameron, 35 2.51E-08 1.11E+00 3.73E-03 2.04E-03 4.87E-03 1.20E+00 6.63E-03 1.21E-05
Cameron, 36 1.26E-07 1.03E+00 6.59E-03 3.32E-03 8.92E-03 7.10E-04 1.08E+00 3.31E-03 1.20E-06
Cameron, 37 5.01E-07 5.80E-01 2.53E-03 1.63E-03 4.76E-03 3.48E-04 6.05E-01 1.69E-03 1.55E-07
Cameron, 38 3.16E-07 9.77E-01 7.63E-03 3.52E-03 1.13E-02 9.26E-04 1.05E+00 2.69E-03 3.89E-07
Cameron, 39 10.00E-07 2.59E-02 1.28E-04 2.08E-04 7.92E-04 4.34E-05 2.92E-02 1.09E-03 4.99E-08
Cameron, 40 3.98E-07 8.47E-01 2.78E-03 2.82E-03 5.43E-03 6.79E-04 8.73E-01 2.99E-03 3.44E-07
Cameron, 41 2.51E-05 2.24E-02 5.13E-04 7.15E-04 2.86E-02 1.70E-04 3.09E-10
210
Sample Location aH aNa aK aMg aCa aSr aBa aCl aSO4 aHCO3 aCO3
Cameron, 42 1.26E-07 1.46E+00 5.50E-03 4.81E-03 1.08E-02 9.99E-04 1.49E+00 3.82E-03 1.39E-06
Cameron, 43 1.58E-07 1.64E+00 3.35E-03 3.88E-03 1.03E-02 8.83E-04 2.78E-05 1.54E+00 4.57E-03 1.32E-06
Cameron, 44 5.01E-08 1.62E+00 3.54E-03 3.79E-03 1.04E-02 8.89E-04 1.79E-05 1.55E+00 4.73E-03 4.32E-06
Cameron, 45 3.55E-07 4.54E-01 1.64E-03 3.84E-03 4.73E-01 4.99E-03 6.45E-07
Cameron, 46 2.69E-06 7.18E-01 7.54E-04 6.33E-03 6.88E-01 4.99E-03 8.49E-08
Cameron, 47 1.12E-07 6.74E-01 2.10E-03 5.70E-03 7.01E-01 5.04E-03 2.06E-06
Cameron, 48 7.94E-08 4.69E-01 1.43E-03 3.78E-03 4.83E-01 6.42E-03 3.70E-06
Cameron, 49 5.01E-08 4.51E-01 1.66E-03 3.74E-03 4.69E-01 9.12E-03 8.34E-06
Cameron, 50 7.94E-08 5.59E-01 1.72E-03 5.36E-03 5.84E-01 2.19E-02 1.26E-05
Cameron, 51 3.55E-07 5.37E-02 1.07E-03 5.96E-02 2.28E-03 2.94E-07
Cameron, 52 2.51E-05 9.91E-04 9.68E-04 7.91E-04 5.24E-03
Cameron, 53 3.55E-07 5.17E-02 9.14E-04 6.64E-04 5.58E-02
Cameron, 54 7.94E-07 4.59E-03 3.56E-04 7.10E-04 9.07E-03
Cameron, 55 2.82E-06 2.49E-02 2.78E-04 5.49E-04 2.96E-02
Cameron, 56 2.51E-06 8.59E-02 1.96E-04 1.70E-03 9.12E-02
Cameron, 57 6.31E-08 1.61E-01 7.82E-04 2.39E-03 1.75E-01 4.45E-03 3.23E-06
Cameron, 58 2.24E-08 1.21E+00 2.49E-03 6.14E-03 1.22E+00 5.68E-03 1.16E-05
Cameron, 59 4.47E-07 3.49E+00 5.02E-04 1.03E-03 3.28E+00 4.15E-03 4.26E-07
Cameron, 60 3.55E-08 1.57E+00 1.78E-03 4.11E-03 1.54E+00 3.11E-03 4.01E-06
Cameron, 61 2.51E-07 3.72E+00 5.29E-03 3.88E-03 6.95E-03 1.44E-04 3.64E+00 2.26E-03 4.13E-07
Cameron, 62 1.00E-07 2.42E-01 2.59E-04 5.77E-04 2.30E-01 1.31E-02 6.01E-06
Cameron, 63 1.26E-07 8.96E-01 1.54E-03 4.16E-03 6.88E-01 6.25E-03 2.27E-06
Cameron, 64 2.40E-07 7.95E-01 2.68E-03 5.66E-03 8.19E-01 4.81E-03 9.18E-07
Cameron, 65 8.91E-08 4.36E-01 8.67E-04 3.77E-03 4.51E-01 6.96E-03 3.58E-06
Cameron, 66 1.41E-07 4.62E-01 1.14E-03 3.43E-03 4.75E-01 4.36E-03 1.41E-06
Cameron, 67 1.26E-07 1.28E+00 9.59E-03 6.85E-03 1.33E+00 1.67E-03 6.06E-07
Cameron, 68 1.26E-07 1.29E+00 9.05E-03 9.48E-03 1.36E+00 1.96E-03 7.14E-07
Cameron, 69 1.05E-07 1.28E+00 8.46E-03 6.99E-03 1.32E+00 3.91E-03 1.71E-06
Cameron, 70 1.32E-07 1.31E+00 9.73E-03 4.75E-03 1.36E+00 3.33E-03 1.16E-06
Cameron, 71 2.00E-07 1.28E+00 6.85E-03 7.99E-03 1.30E+00 1.30E-03 2.99E-07
Cameron, 72 1.78E-07 4.61E-01 7.10E-03 5.91E-03 5.27E-01 1.28E-03 3.31E-07
Cameron, 73 2.51E-07 1.07E+00 5.30E-03 5.96E-03 1.10E+00 2.23E-03 4.07E-07
Cameron, 74 2.51E-07 1.24E+00 5.07E-03 9.88E-03 1.29E+00 4.44E-05 8.09E-09
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Sample Location aH aNa aK aMg aCa aSr aBa aCl aSO4 aHCO3 aCO3
Cameron, 75 3.55E-07 8.84E-01 4.29E-03 5.18E-03 9.08E-01 6.49E-03 8.37E-07
Cameron, 76 3.16E-08 9.35E-01 2.68E-03 6.66E-03 9.59E-01 5.10E-03 7.39E-06
Cameron, 77 2.24E-07 1.03E+00 3.12E-03 6.64E-03 1.06E+00 7.93E-03 1.62E-06
Cameron, 78 2.51E-06 5.71E-03 3.41E-04 6.80E-04 1.17E-02 3.94E-04 7.19E-09
Cameron, 79 5.01E-07 6.75E-01 2.84E-03 1.13E-02 7.47E-01 4.24E-03 3.88E-07
Cameron, 80 3.16E-07 5.46E-01 1.75E-03 5.87E-03 5.76E-01 3.69E-03 5.35E-07
Cameron, 81 1.00E-07 3.70E-01 1.91E-03 6.63E-03 4.00E-01 1.02E-02 4.69E-06
Cameron, 82 1.58E-07 4.16E-01 1.89E-03 6.75E-03 4.41E-01 7.97E-03 2.30E-06
Cameron, 83 1.58E-07 8.49E-02 6.35E-04 1.17E-03 8.76E-02 8.05E-03 2.33E-06
Cameron, 84 2.51E-09 3.95E-02 3.96E-04 4.72E-04 1.83E-02 3.51E-03 6.40E-05
Cameron, 85 3.16E-07 5.56E-01 1.32E-03 4.50E-03 5.73E-01 6.80E-03 9.85E-07
Cameron, 86 2.51E-07 5.67E-01 1.39E-03 1.32E-02 5.82E-01 7.60E-03 1.38E-06
Cameron, 87 7.94E-08 4.30E-01 1.15E-03 3.60E-03 4.41E-01 7.90E-03 4.55E-06
Cameron, 88 2.51E-07 5.68E-01 1.72E-03 5.96E-03 5.98E-01 5.10E-03 9.30E-07
Cameron, 89 1.00E-07 4.72E-01 2.42E-03 3.83E-03 4.95E-01 5.81E-03 2.66E-06
Cameron, 90 1.00E-07 4.30E-01 1.11E-03 3.09E-02 4.37E-01 5.99E-03 2.74E-06
Cameron, 91 1.26E-07 4.31E-01 1.41E-03 3.45E-03 4.45E-01 6.05E-03 2.20E-06
Cameron, 92 1.26E-07 4.21E-01 1.10E-03 3.12E-03 4.33E-01 3.91E-03 1.42E-06
Cameron, 93 5.01E-05 1.39E-02 8.89E-04 8.35E-04 1.06E-02 2.78E-05 7.65E-02
Cameron, 94 3.98E-07 1.59E-01 4.08E-04 2.46E-04 1.53E-03 1.55E-05 5.14E-06 1.16E-01 1.60E-03 1.84E-07
Cameron, 95 2.00E-07 2.36E-01 7.26E-04 3.75E-04 1.15E-03 1.75E-05 4.54E-06 2.08E-01 3.34E-03 7.67E-07
Cameron, 96 5.01E-08 6.30E-01 2.43E-03 4.63E-03 6.48E-01 3.81E-03 3.48E-06
Cameron, 97 10.00E-09 2.18E-01 4.27E-04 7.51E-04 2.10E-01 5.38E-03 2.46E-05
Cameron, 98 7.94E-07 1.41E+00 8.28E-03 1.41E-03 1.54E-02 1.45E+00 2.97E-03 1.71E-07
Cameron, 99 1.58E-06 1.88E+00 1.80E-02 1.00E-02 4.92E-02 1.70E-03 2.30E+00 7.07E-04 2.04E-08
Cameron, 100 1.58E-07 1.42E+00 6.42E-03 1.36E-02 1.50E+00 1.82E-03 5.27E-07
Cameron, 101 1.12E-07 1.27E+00 5.78E-03 7.37E-03 1.31E+00 6.42E-04 2.62E-07
Cameron, 102 10.00E-06 2.81E+00 5.51E-03 9.78E-03 3.36E-02 1.18E-03 2.98E+00 5.07E-04 2.32E-09
Cameron, 103 2.51E-07 1.41E+00 6.38E-03 1.26E-02 1.48E+00 2.92E-03 5.32E-07
Cameron, 104 5.01E-07 1.86E+00 6.07E-03 8.97E-03 2.73E-02 1.09E-03 2.11E+00 7.49E-04 6.84E-08
Jefferson Davis, 1 1.00E-07 4.32E-03 8.80E-03 8.69E-01 3.12E-06 6.79E-03 3.11E-06
Jefferson Davis, 2 6.03E-08 4.57E-03 1.04E-02 8.54E-01 1.78E-05 5.32E-03 4.04E-06
Jefferson Davis, 3 1.00E-07 2.41E-03 1.20E-02 8.28E-01 2.18E-05 5.74E-03 2.63E-06
212
Sample Location aH aNa aK aMg aCa aSr aBa aCl aSO4 aHCO3 aCO3
Jefferson Davis, 4 1.00E-07 6.25E-03 1.27E-02 1.05E+00 8.37E-06 5.49E-03 2.52E-06
Jefferson Davis, 5 1.26E-07 3.74E-03 4.80E-02 9.89E-01 8.04E-06 3.47E-03 1.26E-06
Jefferson Davis, 6 6.31E-06 7.35E-03 1.64E-03 1.95E+00 7.92E-06 1.64E-03 1.19E-08
Jefferson Davis, 7 5.62E-07 2.07E-03 4.33E-03 2.45E-01 4.64E-03 3.78E-07
Jefferson Davis, 8 1.41E-07 5.52E-04 7.91E-03 4.40E-01 9.08E-06 6.49E-03 2.10E-06
Jefferson Davis, 9 5.62E-08 2.52E-03 3.82E-02 4.76E-01 2.09E-06 2.79E-03 2.27E-06
Jefferson Davis, 10 10.00E-07 8.71E-03 8.98E-03 1.79E+00 3.42E-05 1.70E-03 7.78E-08
Jefferson Davis, 11 7.08E-08 4.17E-03 1.11E-02 1.20E+00 8.83E-06 4.33E-03 2.80E-06
Jefferson Davis, 12 3.16E-07 1.90E-03 3.17E-03 1.11E+00 3.13E-05 5.13E-03 7.43E-07
Jefferson Davis, 13 2.19E-07 1.36E-03 3.99E-03 5.38E-01 3.07E-05 8.87E-03 1.86E-06
Jefferson Davis, 14 1.78E-08 4.84E-04 6.11E-03 5.72E-01 6.19E-06 6.39E-03 1.65E-05
Jefferson Davis, 15 5.01E-08 1.99E-03 4.72E-03 5.98E-01 6.87E-06 9.60E-03 8.77E-06
Jefferson Davis, 16 1.26E-08 2.20E-03 5.02E-03 6.04E-01 7.27E-06 1.69E-03 6.14E-06
Jefferson Davis, 17 5.62E-08 2.26E-03 4.76E-03 5.90E-01 9.25E-03 7.53E-06
Jefferson Davis, 18 3.98E-08 2.44E-03 4.67E-03 6.43E-01 9.51E-03 1.09E-05
Jefferson Davis, 19 1.12E-07 1.82E-03 2.39E-04 5.97E-01 9.75E-03 3.98E-06
Jefferson Davis, 20 3.16E-05 4.11E-02 1.08E-02 5.06E-06 5.57E-04 8.07E-10
Jefferson Davis, 21 3.16E-07 2.50E-03 3.22E-02 1.74E+00 8.24E-05 2.83E-03 4.10E-07
Jefferson Davis, 22 1.12E-06 5.81E-03 3.62E-02 1.76E+00 3.36E-05 1.50E-03 6.11E-08
Jefferson Davis, 23 6.31E-07 6.52E-03 2.02E-02 2.03E+00 4.09E-05 1.47E-03 1.07E-07
Jefferson Davis, 24 1.41E-06 5.60E-03 2.49E-02 1.17E+00 1.44E-05 2.82E-03 9.13E-08
Jefferson Davis, 25 4.47E-07 4.10E-03 2.87E-02 1.31E+00 2.00E-05 2.91E-03 2.98E-07
Jefferson Davis, 26 1.58E-07 1.01E-03 7.00E-02 1.47E+00 9.48E-06 2.36E-03 6.83E-07
Jefferson Davis, 27 5.01E-10 2.20E-03 4.78E-03 8.10E-01 1.94E-04 4.83E-04 4.41E-05
Jefferson Davis, 28 6.31E-08 1.96E-03 6.11E-03 6.61E-01 1.59E-04 9.26E-03 6.72E-06
Jefferson Davis, 29 5.01E-08 1.16E-04 9.33E-03 6.37E-01 2.21E-05 8.32E-03 7.60E-06
Jefferson Davis, 30 3.98E-08 3.55E-03 7.61E-03 9.66E-01 7.75E-03 8.91E-06
Jefferson Davis, 31 8.91E-08 3.73E-03 3.72E-03 9.63E-01 7.05E-06 8.88E-03 4.56E-06
Jefferson Davis, 32 2.51E-08 1.98E-03 5.30E-03 6.55E-01 9.07E-03 1.65E-05
Jefferson Davis, 33 4.47E-08 3.53E-04 4.23E-03 6.19E-01 4.06E-05 9.30E-03 9.53E-06
Jefferson Davis, 34 2.82E-07 2.01E-03 6.51E-03 6.64E-01 2.77E-05 1.40E-02 2.28E-06
Jefferson Davis, 35 2.63E-06 2.45E-03 1.30E-02 7.05E-01 9.81E-06 4.99E-03 8.68E-08
Jefferson Davis, 36 1.26E-07 9.99E-03 9.40E-03 1.30E+00 3.00E-06 8.33E-03 3.03E-06
213
Sample Location aH aNa aK aMg aCa aSr aBa aCl aSO4 aHCO3 aCO3
Jefferson Davis, 37 7.08E-08 8.02E-03 9.65E-03 1.23E+00 3.88E-03 2.51E-06
Jefferson Davis, 38 1.12E-07 5.81E-03 9.06E-03 1.01E+00 3.11E-06 1.80E-03 7.33E-07
Jefferson Davis, 39 1.00E-07 4.14E-03 1.17E-02 9.45E-01 5.31E-06 2.44E-03 1.12E-06
Jefferson Davis, 40 1.20E-07 2.26E-03 1.51E-02 1.06E+00 2.55E-05 2.85E-03 1.09E-06
Jefferson Davis, 41 2.00E-07 7.78E-03 1.23E-02 1.30E+00 1.18E-03 2.71E-07
Jefferson Davis, 42 1.00E-07 8.06E-03 9.38E-03 1.21E+00 2.28E-05 1.26E-03 5.77E-07
Jefferson Davis, 43 6.31E-08 5.81E-03 9.60E-03 1.08E+00 6.32E-06 3.22E-03 2.34E-06
Jefferson Davis, 44 7.94E-08 5.19E-03 9.50E-03 9.88E-01 4.36E-06 2.55E-03 1.47E-06
Jefferson Davis, 45 3.98E-08 1.34E-03 8.15E-01 5.28E-05 7.37E-03 8.48E-06
Jefferson Davis, 46 3.98E-08 8.01E-03 1.57E-02 4.45E-01 2.55E-05
Jefferson Davis, 47 3.16E-08 7.49E-04 1.38E-02 9.16E-01 8.18E-06 3.60E-03 5.22E-06
Jefferson Davis, 48 3.98E-08 1.18E-03 8.89E-03 1.12E+00 9.20E-06 1.45E-03 1.67E-06
Jefferson Davis, 49 6.31E-07 6.86E-04 1.08E-02 1.20E+00 1.54E-05 9.85E-04 7.15E-08
Jefferson Davis, 50 5.01E-08 1.31E-03 8.27E-03 1.21E+00 9.70E-06 1.67E-03 1.53E-06
Jefferson Davis, 51 10.00E-07 6.79E-04 8.93E-03 1.19E+00 2.11E-05 1.33E-03 6.08E-08
Jefferson Davis, 52 10.00E-07 6.66E-04 1.97E-04 1.18E+00 3.92E-05 1.10E-03 5.03E-08
Jefferson Davis, 53 4.47E-05 9.46E-04 1.95E-02 1.87E-03 1.10E-06 4.17E-04 4.28E-10
Jefferson Davis, 54 5.01E-08 4.72E-03 1.23E-02 9.16E-01 1.32E-03 1.21E-06
Jefferson Davis, 55 2.00E-07 4.75E-03 1.29E-02 1.39E-05 1.33E+00 6.60E-07 1.89E-03 4.33E-07
Jefferson Davis, 56 7.94E-07 3.92E-03 1.42E-02 2.00E-05 1.04E+00 3.89E-05 4.12E-03 2.37E-07
Jefferson Davis, 57 2.51E-02 2.52E-03 1.41E-02 1.28E-04 1.06E+00 2.47E-05
Jefferson Davis, 58 1.26E-07 6.80E-03 1.23E-02 1.23E+00 1.80E-03 6.56E-07
Jefferson Davis, 59 7.94E-08 7.23E-03 1.31E-02 1.35E+00 9.64E-04 5.56E-07
Jefferson Davis, 60 1.00E-07 6.24E-03 1.18E-02 1.25E+00 1.07E-03 4.89E-07
Jefferson Davis, 61 7.94E-08 5.31E-03 1.28E-02 1.03E+00 2.73E-03 1.58E-06
Jefferson Davis, 62 8.91E-08 6.16E-03 1.54E-02 1.15E+00 2.13E-03 1.09E-06
Jefferson Davis, 63 1.12E-07 5.60E-03 1.27E-02 1.16E+00 2.29E-03 9.34E-07
Jefferson Davis, 64 7.08E-08 6.37E-03 1.32E-02 2.35E+00 2.26E-03 1.46E-06
Jefferson Davis, 65 10.00E-06 3.38E-03 1.34E-02 1.16E+00 1.21E-05 6.00E-04 2.75E-09
Jefferson Davis, 66 1.00E-07 6.39E-03 1.35E-02 1.24E+00 6.52E-06 2.68E-03 1.23E-06
Jefferson Davis, 67 8.91E-08 5.42E-03 1.13E-02 1.19E+00 1.53E-05 1.92E-03 9.88E-07
Jefferson Davis, 68 7.94E-08 5.19E-03 1.20E-02 2.46E+00 1.52E-05 4.61E-03 2.66E-06
Jefferson Davis, 69 7.94E-08 3.32E-03 2.24E-04 1.05E+00 2.56E-05 5.21E-03 3.00E-06
214
Sample Location aH aNa aK aMg aCa aSr aBa aCl aSO4 aHCO3 aCO3
Jefferson Davis, 70 1.58E-05 6.19E-04 1.92E-02 2.82E-04 5.79E-07 2.52E-04 7.29E-10
Jefferson Davis, 71 1.00E-07 4.70E-03 9.53E-03 9.85E-01 1.08E-05 4.48E-03 2.05E-06
Jefferson Davis, 72 1.26E-07 3.91E-03 1.05E-02 1.05E+00 5.26E-06 4.85E-03 1.76E-06
Jefferson Davis, 73 1.26E-07 3.09E-03 6.73E-03 6.35E-01 4.35E-03 1.58E-06
Jefferson Davis, 74 1.32E-07 1.42E-03 2.25E-03 4.83E-01 4.61E-03 1.60E-06
Jefferson Davis, 75 3.16E-08 5.65E-01 2.61E-03 5.42E-05 4.91E-06 1.22E-06 5.71E-01 2.04E-04 6.16E-03 8.92E-06
Jefferson Davis, 76 5.01E-08 1.89E-01 3.81E-04 7.26E-05 7.88E-04 2.93E-05 1.13E-06 1.43E-01 4.87E-04 5.54E-03 5.06E-06
Jefferson Davis, 77 7.08E-08 2.78E-01 5.80E-03 1.72E-04 4.42E-04 1.10E-05 8.82E-07 3.04E-01 7.86E-04 1.30E-02 8.40E-06
Jefferson Davis, 78 7.94E-09 2.49E-01 1.08E-03 1.06E-04 2.28E-05 5.35E-07 2.41E-01 6.07E-04 1.30E-02 7.47E-05
Jefferson Davis, 79 3.16E-06 1.11E-03 7.08E-06 2.36E-05 1.39E-03 2.90E-05 1.85E-03 8.14E-04 1.18E-08
Jefferson Davis, 80 3.16E-08 2.91E-01 6.69E-04 8.99E-05 1.31E-01 9.08E-04 2.22E-01 3.44E-04 7.24E-03 1.05E-05
Jefferson Davis, 81 8.91E-07 2.55E+00 2.17E-02 2.86E-02 3.81E+00 3.30E-04 1.70E-08
Jefferson Davis, 82 6.31E-07 4.56E-03 3.02E-02 1.21E+00 7.98E-05 1.95E-03 1.42E-07
Jefferson Davis, 83 7.94E-07 4.92E-03 2.74E-02 1.26E+00 6.10E-05 2.20E-03 1.27E-07
Jefferson Davis, 84 3.98E-07 3.79E-03 2.94E-02 1.22E+00 7.78E-05 2.26E-03 2.60E-07
Jefferson Davis, 85 7.94E-07 4.20E-03 2.50E-03 1.23E+00 1.30E-04 5.29E-03 3.05E-07
Jefferson Davis, 86 2.51E-07 5.12E-01 6.06E-04 1.64E-03 5.14E-01 3.16E-04 6.18E-03 1.13E-06
Jefferson Davis, 87 5.01E-08 5.22E-01 5.12E-04 1.98E-03 3.18E-04 3.85E-06 5.17E-01 2.15E-04 3.08E-03 2.82E-06
Jefferson Davis, 88 1.00E-07 5.14E-01 1.23E-03 6.21E-04 1.71E-03 2.23E-04 5.15E-01 7.52E-03 3.44E-06
Jefferson Davis, 89 5.01E-08 5.11E-01 1.40E-03 5.26E-04 2.54E-03 5.08E-01 1.77E-04 5.09E-03 4.65E-06
Jefferson Davis, 90 3.98E-08 5.12E-01 7.81E-04 1.74E-03 5.11E-01 3.32E-04 6.17E-03 7.09E-06
Jefferson Davis, 91 7.94E-08 3.45E-01 5.11E-04 2.50E-03 2.90E-04 3.46E-01 2.41E-04 4.66E-03 2.68E-06
Jefferson Davis, 92 5.01E-08 5.10E-01 2.06E-03 6.12E-04 2.03E-03 1.57E-04 5.34E-01 2.64E-04 5.48E-03 5.00E-06
Jefferson Davis, 93 2.00E-08 5.38E-01 1.29E-03 5.03E-04 2.63E-03 5.52E-01 2.45E-04 5.82E-03 1.34E-05
Jefferson Davis, 94 3.98E-08 5.34E-01 7.94E-04 2.53E-03 5.34E-01 3.58E-04 7.99E-03 9.19E-06
Jefferson Davis, 95 5.01E-08 5.38E-01 8.02E-04 1.85E-02 5.32E-01 1.97E-04 6.80E-03 6.21E-06
Jefferson Davis, 96 6.31E-05 5.20E-01 8.98E-03 3.98E-03 7.01E-01 2.00E-04
Jefferson Davis, 97 3.98E-08 1.94E-03 5.31E-03 6.85E-01 1.38E-04 8.31E-03 9.56E-06
Jefferson Davis, 98 5.01E-08 8.05E-04 1.29E-02 6.44E-01 2.20E-05 7.17E-03 6.55E-06
Jefferson Davis, 99 7.94E-08 1.18E-02 1.21E-02 1.08E+00 3.07E-03 1.77E-06
Jefferson Davis, 100 1.12E-07 5.90E-03 1.40E-02 1.04E+00 1.41E-05 3.00E-03 1.22E-06
Jefferson Davis, 101 7.94E-08 7.70E-03 1.15E-02 1.31E+00 6.71E-04 3.87E-07
Jefferson Davis, 102 1.12E-07 6.74E-03 2.02E-02 1.23E+00 2.24E-03 9.13E-07
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Sample Location aH aNa aK aMg aCa aSr aBa aCl aSO4 aHCO3 aCO3
Jefferson Davis, 103 6.31E-08 8.60E-01 4.06E-03 3.80E-03 9.00E-03 9.96E-01 1.78E-04 1.67E-03 1.21E-06
Jefferson Davis, 104 3.98E-07 1.44E+00 3.20E-03 3.74E-03 3.40E-03 1.19E-04 1.46E+00 3.80E-04 3.93E-03 4.52E-07
Jefferson Davis, 105 1.26E-07 1.95E-01 1.10E-03 1.75E-04 1.08E-04 2.06E-01 5.72E-03 2.19E-02 7.95E-06
Jefferson Davis, 106 6.31E-09 2.85E-01 7.55E-05 5.00E-04 8.63E-06 1.53E-01 2.74E-03
Jefferson Davis, 107 1.00E-07 2.92E-02 4.11E-04 5.71E-05 2.26E-04 3.58E-06 2.03E-02 1.22E-05 2.11E-03 9.67E-07
Jefferson Davis, 108 1.00E+00 1.21E-03 5.00E-06 3.40E-06 9.86E-02 2.92E-03 6.18E-04 1.56E-03
Jefferson Davis, 109 1.58E-05 1.57E+00 1.17E-02 9.07E-03 5.68E-02 1.80E-03 3.63E-04 2.37E+00 2.80E-04 8.08E-10
Jefferson Davis, 11010.00E-06 8.91E-01 7.13E-03 5.48E-03 3.70E-02 1.36E-03 1.95E-04 1.37E+00 9.51E-07 4.48E-04 2.05E-09
Jefferson Davis, 111 2.00E-06 7.47E-01 7.23E-03 4.58E-03 5.04E-04 3.70E-06 1.03E+00 1.53E-03 3.51E-08
Jefferson Davis, 112 7.94E-08 1.36E-02 8.72E-05 9.12E-06 2.32E-03 7.19E-05 1.64E-05 3.50E-03 1.98E-06 1.92E-03 1.11E-06
Jefferson Davis, 113 1.00E-07 2.11E-02 3.51E-04 7.77E-05 7.71E-02 3.76E-03 2.49E-02 1.34E-06 1.23E-03 5.63E-07
Jefferson Davis, 114 1.00E+00 1.51E+00 1.16E-02 9.52E-03 2.24E+00
Jefferson Davis, 115 1.00E+00 6.22E-04 1.05E-05 3.60E-06 7.54E-02
Jefferson Davis, 116 1.00E+00 4.87E-03 4.57E-05 7.22E-05 1.74E-03 2.09E-06 7.16E-03
Vermilion, 1 7.94E-08 7.82E-04 9.41E-06 2.02E-05 2.65E-02 3.93E-04 3.44E-05 1.62E-03 3.27E-07 2.45E-03 1.41E-06
Vermilion, 2 10.00E-06 7.69E-02 2.68E-03 2.43E-03 1.23E-02 1.39E-03 2.19E-01 6.54E-06 1.39E-03 6.36E-09
Vermilion, 3 1.26E-07 6.40E-01 7.68E-03 1.93E-03 8.81E-03 1.14E-03 2.11E-05 7.16E-01 4.17E-05 1.95E-03 7.10E-07
Vermilion, 4 1.26E-07 7.32E-01 8.49E-03 1.58E-03 8.02E-03 5.28E-04 1.14E-05 7.81E-01 2.71E-05 2.34E-03 8.51E-07
Vermilion, 5 3.98E-08 7.93E-01 7.51E-03 1.90E-03 7.05E-03 4.69E-04 1.91E-05 8.14E-01 1.97E-05 1.19E-03 1.37E-06
Vermilion, 6 1.26E-07 7.11E-01 6.96E-03 1.83E-03 1.52E-03 1.36E-04 2.12E-05 7.61E-01 2.35E-05 9.55E-04 3.47E-07
Vermilion, 7 1.26E-06 2.29E-01 8.30E-03 7.03E-04 5.03E-03 6.70E-04 6.14E-05 2.52E-01 5.44E-06 5.33E-05 1.94E-09
Vermilion, 8 2.00E-07 6.15E-01 4.82E-03 8.45E-04 1.20E-02 6.14E-01 1.46E-05 2.93E-03 6.71E-07
Vermilion, 9 3.16E-07 7.15E-01 5.83E-03 9.77E-03 1.12E-03 1.94E-05 8.07E-01 3.21E-05 2.48E-03 3.59E-07
Vermilion, 10 1.26E-07 7.80E-01 6.54E-03 2.15E-03 1.08E-02 7.83E-01 1.31E-05 1.98E-03 7.21E-07
Vermilion, 11 7.94E-07 7.50E-01 2.34E-03 1.01E-02 8.13E-01 3.47E-05 2.21E-03 1.27E-07
Vermilion, 12 2.00E-07 8.00E-01 7.61E-04 9.13E-02 7.13E-04 8.40E-01 2.80E-05 7.81E-04 1.79E-07
Vermilion, 13 5.01E-04 4.16E-01 2.41E-02 1.07E-02 4.19E-02 9.71E-04 1.43E+00 2.42E-04
Vermilion, 14 2.51E-05 6.73E-01 7.58E-03 7.75E-03 1.49E-04 4.48E-06 4.47E-06 1.09E+00 8.14E-05 8.64E-04 1.58E-09
Vermilion, 15 10.00E-07 4.01E-03 5.43E-05 4.25E-05 2.73E-02 4.68E-03 2.16E-03 9.90E-08
Vermilion, 16 2.51E-07 1.29E+00 4.95E-03 1.31E-02 1.06E-03 4.68E-06 1.38E+00 4.41E-05 4.99E-03 9.09E-07
Vermilion, 17 5.01E-08 1.30E+00 3.55E-03 5.29E-03 1.10E-02 1.32E+00 1.15E-04 4.66E-03 4.26E-06
Vermilion, 18 7.94E-07 6.98E-01 5.29E-03 3.74E-03 1.05E-02 1.11E-03 1.79E-05 7.81E-01 1.88E-05 1.57E-03 9.05E-08
Vermilion, 19 1.58E-07 7.45E-01 6.50E-03 2.09E-03 9.66E-03 1.21E-03 2.30E-05 8.27E-01 1.43E-05 1.87E-03 5.41E-07
216
Sample Location aH aNa aK aMg aCa aSr aBa aCl aSO4 aHCO3 aCO3
Vermilion, 20 2.24E-07 7.93E-01 1.15E-05 2.07E-03 3.85E-05 6.31E-07 8.51E-01 8.66E-05 1.77E-03 3.62E-07
Vermilion, 21 7.94E-07 9.51E-04 4.06E-03 2.56E-05 1.57E-02 1.74E-03 7.68E-03 9.69E-03 5.59E-07
Vermilion, 22 7.94E-08 9.44E-01 2.98E-03 2.61E-03 5.13E-03 7.91E-04 9.48E-01 6.03E-05 5.09E-03 2.93E-06
Vermilion, 23 7.94E-08 1.18E+00 1.15E-03 2.18E-03 1.36E-02 4.98E-04 1.40E-05 1.13E+00 2.42E-04 4.54E-03 2.62E-06
Vermilion, 24 1.58E-05 3.90E-01 2.58E-03 4.97E-01 4.41E-06 2.51E-04 7.26E-10
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APPENDIX C.  QUICKIEPT2002 CALCULATED SOLUBILITIES FOF SIX-PARISH
REGION OF SOUTHWEST LOUISIANA
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QuickiePT2002 Calculated Solubilities for Six-Parish Region of Southwest Louisiana
logSI logSI logSI logSI logSI logSI logSI logSI logSI logSI
Sample Location Calcite Aragonite Dolomite DissDolmite Gypsum Anhydrite Quartz Chalcedony AmorphSilica Halite
Allen Parish, 1 2.08 1.98 6.16 5.15 -2.09 -1.10
Allen Parish, 2 0.80 0.69 3.13 2.01
Allen Parish, 3 -1.71
Allen Parish, 4 -1.69
Allen Parish, 5 -2.09
Allen Parish, 6 -1.55
Allen Parish, 7 -1.51
Allen Parish, 8 0.66 0.55 3.08 1.99
Allen Parish, 9 -1.66
Allen Parish, 10 -1.52
Allen Parish, 11 2.99 2.91 7.58 6.74 -0.41 1.67 -2.00
Allen Parish, 12 2.61 2.53 7.21 6.32 -1.32 0.39 -2.45
Allen Parish, 13 2.07 1.98 6.06 5.17 -1.60 0.04 -2.53
Allen Parish, 14 2.17 2.08 6.21 5.29 -1.30 0.19 -2.65
Allen Parish, 15 1.77 1.67 5.32 4.31 -1.31 -0.27 -2.83
Beaugard, 1 -5.05 -5.21 -9.68 -11.42 -5.37 -5.88 -2.92 -2.96 -4.35
Beauregard, 2 3.15 3.07 8.71 7.85 -1.43 0.53 -1.31 -1.42 -2.01
Beauregard, 3 2.91 2.83 8.09 7.24 -1.90 0.07 -1.28 -1.39 -1.98
Beauregard, 4 2.82 2.74 7.25 6.40 -1.95 -0.00 -1.48 -1.59 -2.19
Beauregard, 5 3.19 3.11 8.04 7.18 -1.90 0.05 -1.55 -1.67 -2.26
Beauregard, 6 3.04 2.96 -2.23 -0.29 -1.51 -1.62 -2.22
Beauregard, 9 2.01 1.91 6.27 5.21 -2.84 -2.01 -1.46 -1.67 -2.35
Beauregard, 10 1.12 1.01 3.93 2.85 -2.08 -1.33 -2.54 -2.76 -3.45
Beauregard, 11 2.23 2.13 6.04 4.97 -2.06 -1.30 -0.88 -1.10 -1.79
Beauregard, 12 2.16 2.05 5.75 4.68 -1.99 -1.24 -1.44 -1.66 -2.35
Beauregard, 13 1.84 1.74 5.43 4.38 -1.62 -0.78 -2.39 -2.61 -3.28
Beauregard, 14 2.10 2.00 5.82 4.74 -3.89 -3.14 -1.81 -2.03 -2.72
Beauregard, 15 2.48 2.38 6.77 5.73 -1.59 -0.68 -1.12 -1.33 -2.00
Calcasieu, 1 -0.64 -0.28 -0.96
Calcasieu, 2 1.20 1.09 3.78 2.62 -1.64
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logSI logSI logSI logSI logSI logSI logSI logSI logSI logSI
Sample Location Calcite Aragonite Dolomite DissDolmite Gypsum Anhydrite Quartz Chalcedony AmorphSilica Halite
Calcasieu, 3 0.78 0.67 2.82 1.66 -2.47 -1.93 -1.68
Calcasieu, 4 -0.26 -0.36 1.08 -0.08 -1.79 -1.26 -1.62
Calcasieu, 5 -0.87 -0.98 0.23 -0.92 -2.88 -2.35 -1.43 -1.67 -2.41 -1.75
Calcasieu, 6 0.32 0.21 2.14 0.98 -1.91 -1.38 -1.61
Calcasieu, 7 -1.65
Calcasieu, 8 0.40 0.29 2.24 1.08 -1.67
Calcasieu, 9 -0.96 -1.07 -0.22 -1.38 -1.85 -1.32 -1.62
Calcasieu, 10 -1.60
Calcasieu, 11 0.71 0.60 2.80 1.64 -1.60
Calcasieu, 12 -1.58
Calcasieu, 13 -0.88 -1.00 -0.32 -1.50 -1.51
Calcasieu, 14 0.43 0.32 2.21 1.03 -1.61
Calcasieu, 15 0.91 0.80 3.44 2.28 -2.05 -1.52 -1.63
Calcasieu, 16 0.86 0.75 3.06 1.90 -1.59
Calcasieu, 17 1.09 0.98 3.50 2.34 -1.66
Calcasieu, 18 -2.01 -1.38 -1.87
Calcasieu, 19 -1.75 -0.71 -1.44
Calcasieu, 20 -2.03 -0.99 -1.33
Calcasieu, 21 -0.05 -0.15 1.46 0.37 -0.99 -1.22 -1.92 -1.58
Calcasieu, 22 2.99 2.89 7.52 6.53 -1.22 -0.04 -0.14 -0.32 -0.97 -1.03
Calcasieu, 23 1.67 1.57 4.98 3.99 -0.90 0.29 -0.31 -0.49 -1.14 -1.01
Calcasieu, 24 1.39 1.29 4.58 3.59 -1.37 -0.21 -1.19 -1.37 -2.02 -1.44
Calcasieu, 25 -1.18 -1.28 -0.61 -1.63 -4.37 -3.30 -1.08
Calcasieu, 26 1.29 1.19 4.11 3.10 -1.11 -0.04 -1.16
Calcasieu, 27 1.96 1.86 5.14 4.16 -2.34 -1.18 -2.23
Calcasieu, 28 0.25 0.16 2.04 1.05 -1.53 -0.29 -0.92
Calcasieu, 29 2.32 2.22 6.06 5.03 -0.74 0.22 -0.69 -0.89 -1.56 -1.60
Calcasieu, 30 2.97 2.87 7.21 6.16 -0.70 0.21 -0.31 -0.52 -1.20 -1.67
Calcasieu, 31 1.51 1.40 5.37 4.30 -1.28 -0.47 -0.43 -0.65 -1.34 -2.12
Calcasieu, 32 2.29 2.19 6.42 5.35 -1.12 -0.32 -0.29 -0.50 -1.19 -2.09
Calcasieu, 33 1.35 1.24 4.33 3.19 -1.50
Calcasieu, 34 1.31 1.20 4.04 2.89 -1.52
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logSI logSI logSI logSI logSI logSI logSI logSI logSI logSI
Sample Location Calcite Aragonite Dolomite DissDolmite Gypsum Anhydrite Quartz Chalcedony AmorphSilica Halite
Calcasieu, 35 0.17 0.06 1.78 0.50 -1.34
Calcasieu, 36 0.61 0.49 2.44 1.17 -1.37
Calcasieu, 37 0.99 0.88 3.57 2.31 -1.37
Calcasieu, 38 1.02 0.91 3.33 2.09 -1.37
Calcasieu, 39 0.92 0.80 3.20 1.93 -3.01 -2.73 -1.35
Calcasieu, 40 0.75 0.63 2.87 1.59 -1.40
Calcasieu, 41 0.88 0.76 2.67 1.40 -1.36
Calcasieu, 42 0.67 0.56 2.66 1.39 -1.35
Calcasieu, 43 0.64 0.52 2.41 1.13 -1.40
Calcasieu, 44 0.58 0.46 2.47 1.16 -1.37
Calcasieu, 45 0.88 0.77 3.18 1.95 -1.32
Calcasieu, 46 0.71 0.60 2.36 1.13 -2.40 -2.04 -1.25 -1.52 -2.31 -1.42
Calcasieu, 47 1.35 1.23 4.29 3.05 -1.33
Calcasieu, 48 1.13 1.02 3.70 2.46 -1.38
Calcasieu, 49 0.59 0.47 2.55 1.28 -1.34
Calcasieu, 50 0.75 0.64 2.83 1.56 -2.75 -2.47 -1.37
Calcasieu, 51 0.75 0.64 2.92 1.76 -2.93 -2.41 -2.03
Calcasieu, 52 0.18 0.08 1.82 0.66 -2.89 -2.24 -0.32
Calcasieu, 53 0.40 0.29 2.31 1.15 -2.35 -1.67 -0.20
Calcasieu, 54 0.81 0.70 2.85 1.69
Calcasieu, 55 0.69 0.58 2.97 1.81
Calcasieu, 56 0.28 0.17 1.47 0.31 -1.45 -0.79 -0.31
Calcasieu, 57 0.61 0.50 2.44 1.28 -2.65 -2.00 -0.38




Calcasieu, 62 0.84 0.68 2.03 0.29 -2.28 -2.74 -1.40
Calcasieu, 63 0.59 0.43 1.70 -0.04 -2.45 -2.92 0.95 0.91 -0.48 -1.42
Calcasieu, 64 2.21 2.11 6.08 5.08 -1.91 -0.80 -0.41 -0.60 -1.25 -1.43
Calcasieu, 65 1.80 1.71 4.96 3.98 -2.60 -1.43 -2.24
Calcasieu, 66 0.28 0.16 2.04 0.77 -1.35
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logSI logSI logSI logSI logSI logSI logSI logSI logSI logSI
Sample Location Calcite Aragonite Dolomite DissDolmite Gypsum Anhydrite Quartz Chalcedony AmorphSilica Halite
Calcasieu, 67 0.87 0.76 3.25 1.98 -2.25 -1.97 -1.35
Calcasieu, 68 0.87 0.75 2.97 1.70 -1.40
Calcasieu, 69 0.68 0.56 2.84 1.57 -1.36
Calcasieu, 70 0.79 0.67 2.69 1.41 -1.42
Calcasieu, 71 1.34 1.22 3.60 2.38 -1.78 -1.39 -1.75
Calcasieu, 72 1.34 1.23 2.88 1.65 -1.49 -1.10 -0.52 -0.78 -1.56 -1.35
Calcasieu, 73 0.73 0.61 2.78 1.51 -3.15 -2.87 -1.35
Calcasieu, 74 0.42 0.31 2.13 0.86 -2.97 -2.69 -1.41
Calcasieu, 75 0.35 0.23 2.06 0.78 -2.87 -2.59 -1.34
Calcasieu, 76 0.71 0.59 2.67 1.40 -1.43
Calcasieu, 77 1.83 1.73 5.23 4.24 -1.04 0.12 -1.38
Calcasieu, 78 1.96 1.86 5.58 4.59 -0.81 0.35 -0.39 -0.57 -1.22 -1.43
Calcasieu, 79 1.20 1.09 4.13 3.01 -2.48 -1.81 -0.60 -0.84 -1.55 -1.45
Calcasieu, 80 1.89 1.79 5.37 4.38 -1.84 -0.74 -1.18 -1.36 -2.01 -2.68
Calcasieu, 81 1.68 1.58 4.98 3.98 -2.01 -0.91 -1.59 -1.77 -2.42 -2.64
Calcasieu, 82 1.48 1.38 4.56 3.55 -1.11 -0.10 -0.71 -0.90 -1.56 -1.95
Calcasieu, 83 1.07 0.98 3.58 2.58 -1.74 -0.66 -1.42 -1.60 -2.26 -2.79
Calcasieu, 84 0.52 0.43 3.41 2.42 -1.90
Calcasieu, 85 -2.14
Calcasieu, 86 0.93 0.83 3.33 2.30 -0.71 0.27 -1.59
Calcasieu, 87 0.62 0.51 2.85 1.63 -2.31 -1.92 -1.34
Calcasieu, 88 0.25 0.13 2.09 0.78 -2.51 -2.31 -1.42
Calcasieu, 89 0.53 0.41 2.53 1.25 -2.09 -1.82 -1.36
Calcasieu, 90 1.20 1.09 3.77 2.56 -2.93 -2.51 -0.84 -1.10 -1.87 -1.33
Calcasieu, 91 -0.01 -0.13 1.17 -0.14 -1.43
Calcasieu, 92 1.68 1.58 5.00 3.95 -1.24 -0.36 -1.87
Calcasieu, 93 0.95 0.85 3.59 2.50 -1.29
Calcasieu, 94 2.10 2.00 5.84 4.79 -1.27 -0.39 -1.70
Calcasieu, 95 1.04 0.94 3.82 2.74 -0.50 -0.73 -1.43 -1.34
Calcasieu, 96 1.02 0.91 3.71 2.62 -1.29
Calcasieu, 97 2.01 1.90 5.92 4.87 -1.56 -0.68 -1.74
Calcasieu, 98 2.09 1.99 5.95 4.90 -1.63 -0.74 -0.64 -0.85 -1.52 -1.68
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logSI logSI logSI logSI logSI logSI logSI logSI logSI logSI
Sample Location Calcite Aragonite Dolomite DissDolmite Gypsum Anhydrite Quartz Chalcedony AmorphSilica Halite
Calcasieu, 99 1.67 1.57 5.04 3.98 -1.79 -0.91 -1.18 -1.39 -2.07 -1.64




Calcasieu, 104 -2.56 -1.86 0.13 -0.10 -0.81 -1.36
Calcasieu, 105 -2.66 -1.96 0.02 -0.21 -0.92 -1.36
Calcasieu, 106 -3.77 -3.07 -1.42
Calcasieu, 107 -1.32 -0.29 -1.28
Calcasieu, 108 1.54 1.44 4.68 3.62 -2.09 -1.24 -0.50 -0.71 -1.40 -1.58
Calcasieu, 109 1.45 1.35 4.54 3.48 -2.04 -1.19 -1.54
Calcasieu, 110 1.92 1.82 5.58 4.52 -1.70 -0.85 -0.62 -0.84 -1.52 -1.54
Calcasieu, 111 1.93 1.83 5.52 4.46 -2.05 -1.22 -0.68 -0.89 -1.58 -2.00
Calcasieu, 112 -1.45 -0.39 -1.10
Calcasieu, 113 1.05 0.96 3.83 2.83 -0.99 0.09 -1.70
Calcasieu, 114 -0.99 0.10 -1.53
Calcasieu, 115 0.51 0.41 2.83 1.83 -1.36 -0.32 -1.93
Calcasieu, 116 -2.38 -2.48 -2.87 -3.88 -1.54 -0.50 -2.02
Calcasieu, 117 2.15 2.06 6.29 5.38 -1.37 0.14 -2.89
Calcasieu, 118 2.31 2.22 6.25 5.34 -1.46 0.05 -2.87
Calcasieu, 119 1.92 1.83 5.70 4.77 -1.79 -0.35 -3.03
Calcasieu, 120 2.38 2.28 6.54 5.58 -1.83 -0.57 -2.69
Calcasieu, 121 2.10 2.01 6.28 5.37 -1.50 0.05 -2.88
Calcasieu, 122 2.27 2.18 6.34 5.43 -1.62 -0.07 -2.88
Calcasieu, 123 2.04 1.95 5.94 5.02 -1.58 -0.05 -3.00
Calcasieu, 124 -1.20 -1.29 -0.70 -1.63 -2.29 -0.89 -3.68




Cameron, 2 -0.41 -0.50 0.95 0.01 -0.23
Cameron, 3 1.08 0.99 3.89 2.96 -1.91
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logSI logSI logSI logSI logSI logSI logSI logSI logSI logSI
Sample Location Calcite Aragonite Dolomite DissDolmite Gypsum Anhydrite Quartz Chalcedony AmorphSilica Halite
Cameron, 4 1.21 1.12 4.27 3.36 -0.99
Cameron, 5 2.38 2.28 5.58 4.59 -1.48
Cameron, 6 3.32 3.24 8.92 8.05 -2.61
Cameron, 7 0.63 0.52 2.82 1.70 -0.86 -1.10 -1.81 -0.96
Cameron, 8 0.68 0.57 2.80 1.68 -1.58 -1.82 -2.53 -1.01
Cameron, 9 -1.22 -1.33 -0.96 -2.16 -1.36
Cameron, 10 0.19 0.08 1.84 0.64 -1.34
Cameron, 11 0.31 0.20 2.08 0.89 -1.30
Cameron, 12 0.38 0.28 2.23 1.07 -1.32
Cameron, 13 1.93 1.83 5.40 4.40 -1.24
Cameron, 14 0.59 0.49 3.86 2.86 -0.61 -0.80 -1.45 -1.28
Cameron, 15 1.88 1.78 5.30 4.31 -0.99 -1.17 -1.83 -1.27
Cameron, 16 2.32 2.23 6.19 5.19 -0.31 -0.49 -1.14 -1.34
Cameron, 17 0.61 0.51 2.93 1.92 -0.58 -0.77 -1.42 -1.58
Cameron, 18 0.01 -0.09 1.49 0.48 -1.02 -1.20 -1.86 -1.93
Cameron, 19 2.10 2.00 5.74 4.74 -1.21
Cameron, 20 2.73 2.63 7.02 6.00 -1.28
Cameron, 21 1.44 1.34 4.64 3.60
Cameron, 22 2.33 2.23 6.31 5.28 -1.13
Cameron, 23 1.54 1.44 4.83 3.79 -1.23
Cameron, 24 2.41 2.31 6.38 5.35 -1.28
Cameron, 25 1.33 1.23 4.42 3.38 -1.26
Cameron, 26 2.39 2.29 6.33 5.29 -1.29
Cameron, 27 1.33 1.23 4.45 3.41 -1.24
Cameron, 28 1.99 1.90 5.75 4.81 -2.24
Cameron, 29 2.12 2.02 6.06 5.07 -1.54
Cameron, 30 2.42 2.31 6.44 5.36 -1.34
Cameron, 31 2.43 2.33 6.71 5.74 -1.27
Cameron, 32 0.86 0.76 3.40 2.34 -1.30
Cameron, 33 0.81 0.72 3.39 2.46 -1.76
Cameron, 34 -1.73 -1.83 -1.71 -2.70 -4.39
Cameron, 35 2.84 2.75 7.57 6.64 -1.32
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Sample Location Calcite Aragonite Dolomite DissDolmite Gypsum Anhydrite Quartz Chalcedony AmorphSilica Halite
Cameron, 36 1.89 1.80 5.54 4.57 -1.44
Cameron, 37 0.64 0.54 2.96 1.97 -1.96
Cameron, 38 1.70 1.61 5.17 4.24 -1.44
Cameron, 39 -0.34 -0.43 1.00 0.07 -4.57
Cameron, 40 1.33 1.23 4.63 3.70 -1.59
Cameron, 41 -2.95 -3.05 -3.94 -4.94 -4.71
Cameron, 42 1.88 1.78 5.51 4.51 -0.67 -0.85 -1.51 -1.17
Cameron, 43 1.84 1.74 5.36 4.36 -1.11
Cameron, 44 2.36 2.26 6.38 5.38 -1.11
Cameron, 45 0.86 0.75 3.32 2.26 -2.22
Cameron, 46 0.19 0.09 1.42 0.37 -1.86
Cameron, 47 1.52 1.42 4.57 3.51 -1.88
Cameron, 48 1.61 1.51 4.77 3.71 -1.89 -2.10 -2.78 -2.20
Cameron, 49 1.96 1.85 5.54 4.48 -2.23
Cameron, 50 2.49 2.39 6.56 5.55 -2.01
Cameron, 51 0.07 -0.03 -4.03





Cameron, 57 1.37 1.27 4.24 3.19 -3.10
Cameron, 58 2.62 2.53 7.00 6.01 -1.33
Cameron, 59 0.82 0.74 3.65 2.74 -0.37
Cameron, 60 2.40 2.31 6.75 5.84 -1.05
Cameron, 61 0.32 0.21 1.95 0.68 -0.49
Cameron, 62 1.36 1.27 4.54 3.56 -0.40 -0.57 -1.22 -2.75
Cameron, 63 1.55 1.45 4.71 3.68 -0.47 -0.67 -1.34 -1.74
Cameron, 64 1.29 1.19 4.30 3.27 -0.49 -0.69 -1.35 -1.72
Cameron, 65 1.88 1.79 5.26 4.27 -0.92 -1.10 -1.75 -2.21
Cameron, 66 1.47 1.37 4.60 3.62 -1.03 -1.21 -1.86 -2.16
Cameron, 67 0.36 0.23 2.30 0.97 -1.03 -1.29 -2.16 -1.39
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Sample Location Calcite Aragonite Dolomite DissDolmite Gypsum Anhydrite Quartz Chalcedony AmorphSilica Halite
Cameron, 68 0.67 0.55 2.86 1.58 -1.42 -1.69 -2.51 -1.38
Cameron, 69 0.84 0.72 3.23 1.91 -1.36 -1.62 -2.48 -1.40
Cameron, 70 0.54 0.42 2.88 1.58 -1.09 -1.35 -2.19 -1.37
Cameron, 71 0.37 0.25 2.32 1.11 -0.80 -1.06 -1.83 -1.39
Cameron, 72 -0.14 -0.28 1.05 -0.40 -1.23 -1.46 -2.47 -2.22
Cameron, 73 0.35 0.24 2.28 1.06 0.10 -0.16 -0.94 -1.54
Cameron, 74 -1.07 -1.18 -0.74 -1.94 -0.20 -0.46 -1.22 -1.40
Cameron, 75 1.05 0.95 3.96 2.89 -1.26 -1.48 -2.16 -1.66
Cameron, 76 2.09 1.98 5.72 4.64 -1.40 -1.62 -2.31 -1.61
Cameron, 77 1.43 1.33 4.47 3.39 -0.08 -0.30 -0.99 -1.52
Cameron, 78 -2.12 -2.22 -2.72 -3.86 -5.77
Cameron, 79 2.29 2.22 6.46 5.62 -1.65
Cameron, 80 2.12 2.04 6.17 5.33 -1.86
Cameron, 81 3.15 3.07 8.22 7.38 -2.18
Cameron, 82 2.85 2.77 7.61 6.77 -2.09
Cameron, 83 2.07 1.99 6.34 5.50 -3.48
Cameron, 84 3.14 3.06 8.68 7.84 -4.49
Cameron, 85 1.88 1.79 5.57 4.67 -1.92
Cameron, 86 2.50 2.41 6.35 5.45 -1.90
Cameron, 87 2.45 2.36 6.74 5.84 -2.14
Cameron, 88 2.23 2.15 6.35 5.49 -1.85
Cameron, 89 2.52 2.44 7.27 6.41 -2.01
Cameron, 90 3.46 3.38 7.91 7.05 -2.10
Cameron, 91 2.40 2.32 6.84 5.98 -2.09
Cameron, 92 2.18 2.10 6.35 5.49 -2.11
Cameron, 93 -1.73 -1.91 -2.56 -4.48
Cameron, 94 0.20 0.10 1.74 0.74 -2.04 -2.22 -2.87 -3.24
Cameron, 95 0.69 0.60 3.03 2.04 -1.78 -1.96 -2.61 -2.82
Cameron, 96 1.63 1.52 4.92 3.85 -1.95
Cameron, 97 1.61 1.50 4.87 3.78 -2.91
Cameron, 98 1.26 1.17 3.66 2.68 -1.18
Cameron, 99 1.53 1.45 4.81 3.95 -0.74
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Sample Location Calcite Aragonite Dolomite DissDolmite Gypsum Anhydrite Quartz Chalcedony AmorphSilica Halite
Cameron, 100 0.70 0.58 2.61 1.33 -1.29
Cameron, 101 0.94 0.84 3.86 2.85 -1.30
Cameron, 102 -0.90 -1.01 -0.53 -1.66 -0.67
Cameron, 103 0.67 0.55 2.58 1.31 -1.30
Cameron, 104 0.68 0.58 2.83 1.75 -0.97
Jefferson Davis, 1 2.00 1.90 5.71 4.68 -2.48 -1.55
Jefferson Davis, 2 2.18 2.08 6.04 5.00 -1.66 -0.73
Jefferson Davis, 3 2.06 1.96 5.45 4.41 -1.50 -0.57
Jefferson Davis, 4 2.07 1.97 5.85 4.82 -1.90 -0.96
Jefferson Davis, 5 2.34 2.24 5.60 4.57 -1.34 -0.41
Jefferson Davis, 6 -1.16 -1.26 0.37 -0.67 -2.84 -1.89
Jefferson Davis, 7 0.77 0.67 3.24 2.21
Jefferson Davis, 8 1.77 1.66 4.40 3.36 -2.06 -1.16
Jefferson Davis, 9 2.49 2.39 5.84 4.80 -2.01 -1.09
Jefferson Davis, 10 0.55 0.46 3.20 2.20 -1.38 -0.28
Jefferson Davis, 11 2.19 2.09 6.06 5.06 -1.87 -0.79
Jefferson Davis, 12 1.07 0.98 4.03 3.03 -1.86 -0.78
Jefferson Davis, 13 1.43 1.33 4.42 3.39 -1.83 -0.90
Jefferson Davis, 14 2.56 2.46 6.05 5.02 -2.34 -1.41
Jefferson Davis, 15 2.18 2.08 6.01 4.97 -2.40 -1.48
Jefferson Davis, 16 2.05 1.95 5.77 4.74 -2.35 -1.43
Jefferson Davis, 17 2.11 2.01 5.94 4.90
Jefferson Davis, 18 2.27 2.17 6.28 5.25
Jefferson Davis, 19 0.54 0.44 3.99 2.95
Jefferson Davis, 20 -0.69 -0.78 -1.47 -0.32
Jefferson Davis, 21 1.83 1.73 4.66 3.66 -0.45 0.66
Jefferson Davis, 22 1.05 0.96 3.42 2.42 -0.79 0.32
Jefferson Davis, 23 1.04 0.95 3.70 2.70 -0.96 0.15
Jefferson Davis, 24 1.15 1.05 3.80 2.82 -1.26 -0.09
Jefferson Davis, 25 1.72 1.63 4.75 3.77 -1.06 0.12
Jefferson Davis, 26 2.47 2.38 5.25 4.27 -1.00 0.18
Jefferson Davis, 27 2.66 2.55 6.87 5.78 -1.07 -0.36
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Sample Location Calcite Aragonite Dolomite DissDolmite Gypsum Anhydrite Quartz Chalcedony AmorphSilica Halite
Jefferson Davis, 28 1.95 1.84 5.30 4.21 -1.05 -0.34
Jefferson Davis, 29 2.19 2.08 4.36 3.27 -1.72 -1.01
Jefferson Davis, 30 2.19 2.09 5.96 4.88
Jefferson Davis, 31 1.59 1.48 5.09 4.01 -2.61 -1.87
Jefferson Davis, 32 2.28 2.17 6.03 4.94
Jefferson Davis, 33 1.94 1.84 4.70 3.61 -1.80 -1.09
Jefferson Davis, 34 1.14 1.03 3.42 2.20 -1.96 -1.61
Jefferson Davis, 35 0.68 0.58 2.69 1.67 -1.78 -0.79
Jefferson Davis, 36 1.40 1.29 4.45 3.22 -2.80 -2.45
Jefferson Davis, 37 1.33 1.22 4.20 2.98
Jefferson Davis, 38 0.72 0.60 2.83 1.58 -2.82 -2.53
Jefferson Davis, 39 1.01 0.90 3.16 1.91 -2.47 -2.18
Jefferson Davis, 40 1.33 1.22 3.59 2.43 -1.57 -1.06
Jefferson Davis, 41 0.48 0.36 2.39 1.16 -1.83 -2.09 -2.87
Jefferson Davis, 42 0.69 0.58 2.94 1.72 -1.91 -1.56
Jefferson Davis, 43 1.25 1.13 3.87 2.62 -2.48 -2.19
Jefferson Davis, 44 1.04 0.93 3.41 2.16 -2.65 -2.36
Jefferson Davis, 45
Jefferson Davis, 46 -1.35 -0.51
Jefferson Davis, 47 2.25 2.15 5.18 4.10 -1.96 -1.18
Jefferson Davis, 48 1.57 1.47 4.20 3.12 -2.10 -1.32
Jefferson Davis, 49 0.12 0.01 0.88 -0.25 -1.88 -1.26
Jefferson Davis, 50 1.33 1.23 3.70 2.58 -2.20 -1.57
Jefferson Davis, 51 -0.03 -0.14 0.65 -0.48 -1.82 -1.20
Jefferson Davis, 52 -1.77 -1.88 -1.18 -2.30 -3.21 -2.59
Jefferson Davis, 53 -1.69 -1.79 -2.75 -3.83 -2.65 -1.91 -2.49 -2.71 -3.40
Jefferson Davis, 54 1.32 1.22 4.01 2.86
Jefferson Davis, 55 0.76 0.65 2.78 1.58 -3.28 -2.87
Jefferson Davis, 56 0.98 0.87 3.36 2.30 -1.24 -0.42
Jefferson Davis, 57 -1.44 -0.62
Jefferson Davis, 58 1.34 1.24 4.38 3.31
Jefferson Davis, 59 1.05 0.95 3.66 2.52
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Sample Location Calcite Aragonite Dolomite DissDolmite Gypsum Anhydrite Quartz Chalcedony AmorphSilica Halite
Jefferson Davis, 60 0.95 0.85 3.44 2.30
Jefferson Davis, 61 1.85 1.75 5.34 4.30
Jefferson Davis, 62 1.66 1.56 4.88 3.81
Jefferson Davis, 63 1.51 1.40 4.61 3.55
Jefferson Davis, 64 1.59 1.48 4.74 3.63
Jefferson Davis, 65 -1.13 -1.24 -0.98 -2.09 -1.85 -1.16
Jefferson Davis, 66 1.52 1.42 4.60 3.50 -2.12 -1.43
Jefferson Davis, 67 1.35 1.25 4.27 3.16 -1.82 -1.13
Jefferson Davis, 68 1.91 1.81 5.40 4.33 -1.78 -0.96
Jefferson Davis, 69 0.24 0.13 3.58 2.51 -3.25 -2.46
Jefferson Davis, 70 -1.46 -1.56 -2.47 -3.55 -2.94 -2.19 -2.38 -2.60 -3.29
Jefferson Davis, 71 1.68 1.58 4.99 3.92 -2.00 -1.23
Jefferson Davis, 72 1.66 1.55 4.82 3.74 -2.27 -1.50
Jefferson Davis, 73 2.16 2.07 6.28 5.36
Jefferson Davis, 74 1.63 1.54 5.33 4.41
Jefferson Davis, 75 -0.84 -0.98 1.16 -0.39 -3.38 -3.60 -2.08
Jefferson Davis, 76 1.64 1.55 4.51 3.58 -1.08 0.33 -1.87 -2.02 -2.65 -3.02
Jefferson Davis, 77 1.61 1.52 5.08 4.14 -1.13 0.29 -1.26 -1.41 -2.04 -2.53
Jefferson Davis, 78 1.27 1.18 5.47 4.54 -2.53 -1.12 -1.07 -1.22 -1.85 -2.68
Jefferson Davis, 79 -0.90 -0.99 -1.37 -2.33 -7.17
Jefferson Davis, 80 4.20 4.11 7.50 6.57 0.98 2.43 -0.66 -0.80 -1.43 -2.64
Jefferson Davis, 81 0.35 0.25 2.67 1.66 -0.53
Jefferson Davis, 82 2.15 2.07 5.90 5.05 -0.09 1.87
Jefferson Davis, 83 2.06 1.98 5.80 4.94 -0.25 1.72
Jefferson Davis, 84 2.40 2.32 6.34 5.48 -0.11 1.85
Jefferson Davis, 85 1.40 1.32 5.45 4.59 -0.96 1.00
Jefferson Davis, 86 1.48 1.39 4.85 3.94 -0.89 0.72 -2.01
Jefferson Davis, 87 1.95 1.86 5.63 4.72 -0.98 0.62 -2.00
Jefferson Davis, 88 1.98 1.89 5.84 4.94 -0.84 -0.98 -1.59 -2.00
Jefferson Davis, 89 2.27 2.18 6.18 5.28 -0.96 0.64 -1.18 -1.32 -1.93 -2.01
Jefferson Davis, 90 2.31 2.22 6.61 5.71 -0.84 0.78 -2.01
Jefferson Davis, 91 2.03 1.94 5.69 4.79 -0.82 0.77 -2.35
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Sample Location Calcite Aragonite Dolomite DissDolmite Gypsum Anhydrite Quartz Chalcedony AmorphSilica Halite
Jefferson Davis, 92 2.21 2.12 6.22 5.31 -0.88 0.72 -0.75 -0.88 -1.50 -1.99
Jefferson Davis, 93 2.75 2.66 7.10 6.20 -0.80 0.80 -0.80 -0.94 -1.55 -1.96
Jefferson Davis, 94 2.62 2.54 7.09 6.19 -0.63 1.03 -1.96
Jefferson Davis, 95 3.31 3.23 7.61 6.72 -0.02 1.64 -1.96
Jefferson Davis, 96 -0.70 0.95 -1.86
Jefferson Davis, 97 2.05 1.95 5.57 4.48 -1.16 -0.45
Jefferson Davis, 98 2.27 2.17 5.25 4.16 -1.58 -0.86
Jefferson Davis, 99 1.47 1.36 4.70 3.54
Jefferson Davis, 100 1.37 1.26 4.14 2.98 -1.85 -1.32
Jefferson Davis, 101 0.59 0.48 2.64 1.41
Jefferson Davis, 102 1.21 1.10 3.57 2.34
Jefferson Davis, 103 2.27 2.19 6.51 5.61 -0.41 1.25 -1.49
Jefferson Davis, 104 0.22 0.11 2.18 0.98 -1.13 -0.66 -1.29
Jefferson Davis, 105 0.06 -0.05 2.09 0.93 -1.35 -0.85 -0.72 -0.97 -1.71 -2.99
Jefferson Davis, 106 -1.23 -1.74 -2.86
Jefferson Davis, 107 0.61 0.52 2.96 2.07 -3.11 -1.46 -2.22 -2.35 -2.96 -4.64
Jefferson Davis, 108 -1.94 -2.07 -2.68 -7.14
Jefferson Davis, 109 -0.07 -0.16 1.41 0.51 -0.15 -0.28 -0.89 -0.85
Jefferson Davis, 110 0.15 0.06 1.81 0.92 -2.06 -0.36 -0.65 -0.78 -1.39 -1.33
Jefferson Davis, 111 -0.49 -0.57 2.34 1.44 -0.75 -0.88 -1.49 -1.53
Jefferson Davis, 112 1.67 1.58 3.28 2.38 -2.90 -1.25 -2.36 -2.49 -3.10 -5.74
Jefferson Davis, 113 1.02 0.86 0.00 -1.74 -2.35 -2.86 0.31 0.27 -1.13 -4.78
Jefferson Davis, 114 -0.90
Jefferson Davis, 115
Jefferson Davis, 116 -3.34 -3.46 -4.07 -5.86
Vermilion, 1 3.00 2.92 5.29 4.42 -2.54 -0.71 -2.45 -2.57 -3.17 -7.29
Vermilion, 2 0.43 0.35 2.59 1.74 -1.53 0.43 -1.18 -1.29 -1.88 -3.14
Vermilion, 3 2.33 2.25 6.45 5.59 -0.90 1.09 -0.68 -0.79 -1.39 -1.71
Vermilion, 4 2.37 2.29 6.47 5.62 -1.13 0.87 -1.11 -1.22 -1.81 -1.61
Vermilion, 5 2.52 2.44 6.92 6.06 -1.33 0.67 -1.02 -1.13 -1.72 -1.56
Vermilion, 6 1.26 1.18 5.04 4.19 -1.91 0.08 -1.31 -1.42 -2.01 -1.64
Vermilion, 7 -0.58 -0.67 0.38 -0.49 -2.05 -0.21 -1.92 -2.03 -2.63 -2.63
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Sample Location Calcite Aragonite Dolomite DissDolmite Gypsum Anhydrite Quartz Chalcedony AmorphSilica Halite
Vermilion, 8 2.33 2.25 5.92 5.05 -1.27 0.59 -0.88 -1.00 -1.60 -1.81
Vermilion, 9 2.17 2.09 6.58 5.74 -0.93 1.17 -1.59
Vermilion, 10 2.52 2.44 6.80 5.95 -1.28 0.82 -0.64 -0.75 -1.33 -1.57
Vermilion, 11 1.66 1.58 5.11 4.26 -0.92 1.09 -1.58
Vermilion, 12 2.77 2.69 5.90 5.05 -0.06 1.96 -1.54
Vermilion, 13 0.53 2.54 -1.59
Vermilion, 14 -2.10 -2.18 -0.06 -0.91 -2.39 -0.41 -1.51
Vermilion, 15 1.96 1.88 3.54 2.69 -2.93 -3.04 -3.63 -6.10
Vermilion, 16 1.90 1.81 5.55 4.58 -1.07 0.18 -1.24
Vermilion, 17 2.50 2.40 6.85 5.87 -0.72 0.52 -0.54 -0.71 -1.35 -1.26
Vermilion, 18 1.56 1.48 5.13 4.28 -1.15 0.90 -1.62
Vermilion, 19 2.30 2.22 6.39 5.54 -1.31 0.74 -0.66 -0.77 -1.36 -1.57
Vermilion, 20 -0.27 -0.35 3.64 2.79 -2.93 -0.87 -1.11 -1.21 -1.80 -1.53
Vermilion, 21 1.95 1.86 3.37 2.43 -6.60
Vermilion, 22 2.23 2.14 6.42 5.49 -1.21 0.25 -0.97 -1.12 -1.74 -1.50
Vermilion, 23 2.62 2.53 6.72 5.79 -0.19 1.30 -0.67 -0.82 -1.45 -1.33
Vermilion, 24 -1.37 -1.47 -2.04 -2.04
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